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NOTATION

Coefricient for loading due to angle of attack in Equation [I]
Area of a lifting surface

Area of the helical surface behind the trailing edge of a
lifting surface extended to infinity

Area between a superimposed lifting line and the trailing edge
Coefficients for loading due to sine series in Equation [I]

Fraction of the chord from leading edge over which loading is
uniform

Coefficients as defined in Equation [17] of Reference 2
Coefficients as defined in Equation [21] of Reference 2

Coefficients as defined in Equation [I]
Section lift coefficient

Ordinate of mean line

Diameter of propeller

Length vector of an elementary bound vortex line on a lifting

surface; a;yldrl is a unit vector tangent to the bound vortex
line

Length vector of an elementary free vortex line; Eg/ Ird¢| is a
unit vector tangent to the free vortex line

Advance coefficient based on ship velocity

Kernel functions, Equations [VIa] and [VIb]
Kernel functions, Equations [VIc] and [VId]

Chordwise coordinate of any point with respect to reference line

Chordwise coordinate of leading edge

Chordwise coordinate of trailing edge

Chord length

Revolutions per unit time

Point on lifting surface at which mean line is sought
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Pit h~ciameter ratio

Distance vector between two points
Radial coordinate

Radial \2ordinate of hub
Radial cocrdinate of point P

Nondimensional axial and tangential components, respectively,
of induced velocity from lifting-line calculation based on ship
velocity

Nondimensional inflow velocity based on ship speed
Induced velocity vector at point P due to radial bound

circulation

Axial and tangential components of VB
induced velocity vector at point P due to free circulation

Axial and tangential components of';;

Velocity vector at a lifting line induced by trailing free
vortex sheets

Total induced velocity vector at point P

Total induced velocity vector at point P relative to VL

Ship velocity
Nondimensional local longitudinal velocity based on ship
velocity

Nondimensional induced velocity

Nondimensional axial and taangential components, respectively, of
induced velocity v based on ship velocity

Nondimensional induced downwash at point P normal to helical
chord line based on ship velocity

V., within a strip between

Axial and tangential components of B

r1 and r2

Axial and tangential components of V;-within a strip between
ry and r,

Cartesian coordinates

Chordwise coordinate

Local wake fraction
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Radial coordinate as defined in Equation {17]

Number of propeller blades

Ideal angle of attack

Advance angle

Hydrodynamic pitch angle

Nondimensional circulation = circulation /"erVS

Nondimensional bound circulation distribution along a lifting
line

Nondimensional free circulation distribution on free vortex
sheet trailing a lifting line or a lifting surface
Nondimensional free circulation distribution

Nondimensional bound circulation distribution on a lifting
surface

Nonidimensional free circulation distribution on a lifting
surface
(r)

T

Circulation per unit angle =

Half width of a strip between ry and r,
Angular coordinate = L cos Bi/r

Angular coordinate of leading edge
Angular coordinate of point P

Angular coordinate of trailing edge

Total chord length in terms of angular coordinate

x =%

8 -8
0
%'eo

¢+ 2n(m - 1)/2

) Chordwise coordinate V¥ = cos'_1 (1-2(s, - a)/eTJ
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ABSTRACT

A propeller camber calculation method using Pien's scheme
based on lifting-surface theory for any arbitrary, not neces-
sarily uniform, chordwise load distribution is reported. The
pertinent mathematical formulations and the relevant numerical
computations are presented. Included also are the results of
some sample calculations. The instructions for preparation
of computer input data and the FORTRAN listing of the computer
pProgram are included in the Appendixes.

ADMINISTRATIVE INFORMATION

This work was covered by Subproject S-RO11l 0l 0. of Task 0401 under

the Bureau of Ships In-House Independent Research Program.
INTRODUCTION

A propeller camber calculation method based on lifting-surface
theory using Pien's scheme1 was reported recently in Reference 2. In that
reference, the problem was limited to the case where the chordwise load
distribution is uniform. In the present report, the scope is enlarged to
include the problem of nonuni form chordwise distribution. This report is
essentially an extension of the previous report, and presents only the
revised portions of the formulations necessitated from this extension.

For the basic formulations and numerical computations, the reader is
referred to Reference 2.

The chordwise load distribution is assumed to be in the form of a
combination of three partss: a constant, which represents a uniform load-
ing; an anglg\of attack term, which represents a flat plate; and a sine
series with a finite number of terms, which represents any arbitrary modes
of loading. The coefficients of these terms are adjustable so that a
desired distribution may be adequately approximated. This affords a con-
siderable degree of freedom in handling cases of various load distri-
butions. This flexibility makes it possible to use the computer program

in the design of supercavitating propellers. Provisions are also included

1References are listed on page 49.




in the computer program to facilitate the calculation for load distri-
butions corresponding to the commonly used NACA Sections; i.e., the chord-
wise loading is partially uniform from the leading edge to a point on the
chord, and decreases linearly from that point on to zero at the trailing
edge.

This report also includes the results of some sample calculations
to compare the camber distribution for various shapes of chordwise loading
and to demonstrate the usage of the computing program. Instructions for
the preparation of input data and the FORTRAN listing of the computer pro-

gram are given in Appendixes A and B, respectively.
MATHEMATICAL FORMULATION

The basic expressions for the induced velocity components, Equa-
tions [11]* and [12], were developed in Refcrence 2. They were derived
without any restrictions as to the type of chordwise loading. From these
equations, a set of working formulas, Equations [16] and [19], was derived
for the special case of uniform chordwise loading. For the present prob-
lem, because the load distribution along the chord is not necessarily
uniform, a set of working equations corresponding to Equations [16] and
[19] has been developed as follows.

The coordinate systems are those shown in Figures 1 and 2.
LOAD DISTRIBUTION

Let us assume that the bound circulation distrioution Fr(r, 8) at
any point (r, ) on the blade may be represented by the following equa-
tion: m

¥

(v, 8) = 7 () 0,() + A () oot §+ 25 A () sinmy| (1]

3*
Roman numerals denote equation numbers in this report to distinguish
from Arabic numerals used in Reference 2.




v

where v (r) = I'(r)/ eT(r); C,s Aj» and A are constant coefficients and,
in general, are functions of r; and ¥ is a new chordwise coordinate and is
defined as shown in Figure 3:

v "‘1

—cost|1 - 2o (8,(x) - ©) [11]

GT(r)

The first term of Equation [I] represents a constant load distribution;
the second, the contribution due to angle of attack; the third, some
arbitrary distribution in the form of a sine series with amplitude

functions An. The first three coefficients must have a relationship of

Co(r) + g [Ao(r) + :-LZ- Al(r):‘ =1
so that 6 (r)
f 47 7r (x, 0) d8 = r(x)
8, (r)

is satisfied. Equation [I] can be reduced to the uniform load distri-
bution case with a constant density of y (r) if A =0 (n=0,1, 2, ¢soem)
and Co =1,

The expression for the free circulation on the lifting surface

Tg(r, ©) was derived in Reference 2 as:

9!(1‘)
_ d
Fe(r, g) = - &;[j. Pr(r, 8) de] dr (111]
2]

With Fr(r, 6) from Equation [I] substituted and with an appropriate change
of variable, the integration and differentiation may be carried out in a

straightforward manner. The resulting expression is

Fe(r, 8) = - % ;(Co(r) Fzr) (1 - cos W) +-Co(r) I'(r) ?Isin ¥

+(a,0) T(r) (v +siny)+ A,(r) T(r) ¥'(1 + cos ¥)

+ 35 [ (009 £y (202 sin(@1))

=L n-+i




+ An(r) F(r) '{!/(cos (n-1)¥ - cos (n+l)¢')]} dr [IIXa]

where prime denotes differentiation with respect to r and

v'=[2 () - o) (1 = cos ¥)] / (o5 sin ¥) [ITa)
The free circulation in the slipstream l“;(r) has, of course, the
following form: ; 8 (r)
I‘C(r) =- % U rr(r,e)de] dr
8 (r)
=- % @) ar [IV]
dr

INDUCED VELOCITIES

The equations for the induced velocity components were developed
in Equation [16], of Reference 2. They are

v, (r.0,) = ﬂ F(r,0) K2 (c_,8_,r,6) dodr [va)
v ee)=2([ r e @t (6 ,r,e) dedr (Vb
bt Y'o’’o 4ﬂ“ p e 0’707

vV, (r_,8 =-1-” [I‘ (r )+I‘/(r) dr]kfa (r_,0 ,ry¢) d¢ [Ve]
fa 0’ 0 4n.u o P 027"

V. (r,8) == I.(r,) + I{r) de | K% (r_,0 ,r,¢) d9 [vd]
ft Y"o’ve 4n gy 0’70’"?

where the I‘,(r) term equals zero foré> 0,

kba (ro,eo,r,qb) ==, sin ¢ / R® [VIa]
kPt (ro,eo,r,é) = &[p(r) cos ¢ + p(r) (r0 -rcose)] /™ R3 (VIb]

ke (ro,eo,r,¢) =r(r - r cos¢) / RS [Vic]




3

el (ro,eo,r,o) = p(r) (ro -rcosé-resine) /TR (vid]

2 2 Ik
R -'—"[r“ - 2r rcosetr + (¢p(r)/™)
where p(r) is hydrodynamic pitch-diameter ratio, and
V) = - = - _l -
#(1) =8 -0, =8,(r) - 8, (x,) - 5 [87(x) (@ - cos ¥)

o) - 0.(r.)) ( - cos wo)]
d¢ = - —— sin Y oav

With the bound circulation functions of Equation [I] substituted in-
to Equations [Va] and [Vb], the free circulation functions of Equations
[IIT] substituted into Equations [Vc] and [Vd ], and appropriate change of
variable from ® to ¥, the integrals may be evaluated. Equations [Va]
through [Vd] thus evaluated correspond to Equations [16a] through [16d]
for the special case of uniform distribution given in Reference 2.

The foregoing discussion constitutes the only change in the formu-
lation involved in extending the problem from the special case of uniform

chordwise load distribution to a general case of arbitrary distribution.
NUMERICAL COMPUTATIONS

Since the problem discussed here is essentially an extension of the
problem dealt with in Reference 2, the numerical computations are basic-
ally identical except that the evaluations of the bound and free circu-
lation functions Fr(r,e) and Fe(r,e) have necessarily been modified as
indicated in the previous section.

The revised new computer program for the case of arbitrary chord-
wise load distribution is designated as Applied Mathematics Laboratory
Problem XPLA, which is a modification of the program developed for the
case of uniform chordwise loading, XPLU. For incorporation of the necessary
changes in the computations and for convenience, the program has been
broken up into several subroutines. The FORTRAN listing of the program is

given in Appendix B.




Let us now examine the assumed load distribution  (r,8) of
Equation [I]. It is an expression of linear combinationsrof three parts:
a constant, an angle of attack, and a sine series. The coefficients CO,
AO’ and A.n are determined such that the load distribution can be represented
adequately. In the def.ermination of these coefficients, the circulation
distribution Fr(r,e) at a number of radii is chosen to meet a specific
design situation. Due to the considerations of computer storage capacity
and of required computing time, the number of m terms of the sine series
has to be limited; accordingly, for the present program, m is limited to
5. Although this is considered to be adequate for most cases having smooth
distribution curves, it is not an accurate approximation for curves with
abrupt load changes; e.g., the commonly used NACA a = 0.8 mean line. For
load distributions of this type, the constant loading term in Equation [I]
is modified such that it has two parts: the uniform loading portion from
the loading edge to the point x/IT = a on the chord and the linearly de-
creasing load portion from this point to the trailing edge. The load
distributions for a < 1 are written as follows:
for 0 s ¥ < v, = cos ™t 1 - 2a),

: 2
r(r,¥) = 7550) o [VIIa)
and for ¢a sV sm
1+ cos ¥
T (r,¥) =——_—;2—(7)1.0 (VIIb]

where (7)1.0 = y(r) denotes the load density corresponding to a = 1.0 mean
line. Equations [VIIa] and [VIIb] are used in Equations [Va] and [Vb] for
the evaluation of the induced velocities due to the bound system.

An expression is then derived for the free circulation density on
the lifting surface by substituting the above load distribution in
Equation [III]. After carrying out the integration and differentiation,
we finally obtain for 0 s ¥ < ¢a

1 , o
F(r,9) = = 757 [F() (@ - cos ¥) + T(x)f sin ¥]ar,  (VITa]

and for ¢a sVt




/
_ _{ I(r) 1 1 .2 1 .2 ]
I‘e(r,e) = -{i—_*-_—z [Za - YR (cos ¥ - cos 'J/a + 5 sin ‘¥a - 3 sin \V)

2

rr) ,
+ ¥ sin ¥ (1 + cos ¥)ldr [VIIIb]
2(1Q-a)

These two equations are used in Equations [Vc] and [Vd] for evaluation of

the induced velocities due to the free system.
RESULTS OF SAMPLE CALCULATIONS

A number of representative sample cases have been computed using
the new computer program XPLA. The results of these cases are reported
to demonstrate the effect of chordwise loading on blade geometry.

LOAD DISTRIBUTION CORRESPONDING TO VARIOUS NACA
MEAN LINES

The first case is for a propeller having a rectangular expanded
outline with an aspect ratio of 10, It has zero hydrodynamic pitch and a
uniform bound circulation distribution along the radius. Physcially, this
fictitious propeller resembles a two~-dimensional wing, although the motion
involved here is rotational rather than linear translational. The purpose
of this calculation is to determine the mean line shapes induced by the
uniform radial bound circulation but with various chordwise load distri-
butions corresponding to NACA a =1.0, 0.8, 0.6, 0.4, and 0.2. A compari-
son is made with those of the NACA two-dimensional airfoils. The calcu-
lated camber distributions at r/R = 0.7 for the various Joadings are shown
in Figure 4. For comparison, the corresponding two—dimensional distri-
butions as given in Reference 3 are also plotted.

The second set of calculations was made for a five-bladed propeller
with symmetrical blades. The blade outline, pitch distribution, and
radial bound circulation distribution are the same as those of Propeller
3916A of Reference 2 except that the chordwise loading has been arbitrarily
changed from a = 1.0 to a = 0.8, a = 0.6, a =0.4, and a = 0.2, The
propellers for these cases are designated as 3916D, 3916E, 3916F, and
3916G, respectively. The results are shown in Tables 1 through 4. For




comparison, the chordwise distributions of the camber for these propellers
at r/R = 0.7 are plotted in Figure 5. Similarly, another set of calcu-
lations was made for a propeller with skewed blades, which is the same as
Propeller 3917A of Reference 2 except for the chordwise loading. The
propeller designations for these cases are 3917D, 3917E, 3917F, and 3917G.
The calculated camber ratio distributions are shown in Table 5. Figures
6, 7, and 8 show the relative camber distribution of the various cases at
various radii for the various lift coefficients shown in terms of the
maximum camber of a = 1.0. The curves are plotted with the nose-tail line
as reference. The ideal angle of attack shown is the one between the
helical chord line and the nose-tail reference line. Also shown on these
figures are the two-dimensional results. The ideal angle of attack for
the symmetrical and skewed propeller blades at various radii for various

a values is shown in Figure 9 and is compared with the two-dimensional
data corrected to the same lift coefficients in Table 6.

From these comparisons, note that the calculated camber lines at the
middle portion of the fictitious narrow rectangular blades are fairly
close to the two-dimensional data. For blades of usual propeller shape,
however, taking into account the blade shape and the free circulation, the
calculated camber lines are somewhat different from those of the two-
dimensional cases; these differences are even greater at regions nearing
the hub and tip. Figures 6, 7, 8, and 9, and Tables 1 through 5 show
that the effect of skew is considerable.

ANGLE OF ATTACK

Calculations have also been made for the abovementioned fictitious
narrow rectangular blade of aspect ratio 10 with chordwise load distri-
bution similar to that due to an angle of attack. The calculated results
are given in Figure 10. Again, the curves show fairly good agreement with
the two-dimensional flat plate. However, the same cannot be said for a
blade of usual propeller shape, as is evident from the set of curves shown
on the figure representing Propeller 3916J. This propeller is the same as
Propeller 3916A in all respects except that the chordwise loading has heen
arbitrarily changed from uniform to that corresponding to an angle of
attack. The calculated results are shown in Table 7. The difference




between this three~dimensional case and the two-dimensional flat plate
case is appreciable and represents the three-dimensionality efifect of this
particular propeller blade.

SINUSOIDAL DISTRIBUTION

Another sample calculation is for Propeller 3916K which is similar
to Propeller 3916A except its chordwise loading is sinusoidal, the first
term.of the sine series. The results of this calculation are shown in
Table 8. Fignre 11 compares the induced velocities and the camber distri-
butions of this propeller and Propeller 3916A, which has a uniform chord-
wise loading.

SUPERCAVITATING PROPELLERS

An inspection of the assumed form of the chordwise circulation
function of Equation [I] indicates that the loading over the blade can be
arbitrarily assigned by adjusting the number of terms and the values of
the various coefficients. This flexibility makes it possible to use the
computer program in the design calculation of supercavitating propellers.
In the two-dimensional analysis, there are a few well-known load distri-
butions which give low drag supercavitating hydrofoils at zero cavitation
nurber. These are the so-called Tulin-Burkhard 2-term, and the Johnson
3= and S5-term foils where theoretical characteristics have been estab-
lished.4

these foils were made using the new computer program. The outline of the

Calculations for propellers having chordwise loading similar to

blade has been assumed to be rectangular with an aspect ratio of 10 and
zero hydrodynamic pitch and a constant bound circulation distribution
along the radius to simulate as closely as possible the two~-dimensional
case, The calculated camber ratios are shown in Tables 9, 10, and 11.
The comparative values of the "camber ratio to design life coefficient
ratios" at r/R = 0.3, 0.6, and 0.9, are plotted in Figure 12. For com~
parison, the two-dimensional data of Reference 4 are also shown in this
figure. The agreement between results of the approximate two-dimensional
rectangular blade and those of the true two-dimensional is considered
quite good, even though there is discrepancy in the regions nearing the hub
and tip, r/R =0.3 and r/R = 0.9, which could well be expected.




DISCUSSION

The preceding sammle calculations were presented to provide a
clearer picture of the effect of chordwise loading on the mean line dis-
tribution.

The following discussion concerns the results of these limited
sample calculations:

In general, the effect of chordwise load distribution on blade
geometry is not negligible.

For chordwise loading corresponding to NACA a < 1.0 mean lines, the
calculated camber distribution and angle of attack are different from
those based on the two-dimensional cases, even though the relative effect
on the mean line distributions in the middle portion of the blade are not
too much different from those of two-dimensional cases.

Skew of the blade materially affects the mean line distribution as
well as the angle of attack.

The program as developed may be used for calculations of propellers
with various chordwise load distributions and may also be used for the
design of supercavitating foils not taking into account the cavity thick~
ness effect.

CONCLUDING REMARKS

A method for correcting the propeller blade geometry for the three-
dimensionality of the flow has been given for the case of arbitrary chord-
wise load distribution. This report and TMB Report 18022 complete the
discussions .a the numerical computational procedure for the hydrodynamic
aspect of propeller design based on lifting-surface theory using Pien's
scheme,

Both Reference 2 and this present report have shown that three-dimen-
sionality has considerable effect on blade geometry. Many contributing
factors, such as number of blades, blade outline, pitch distribution,
radial load distribution, and chordwise load distribution, come into play.
The contributions of each of these parameters may vary depending on the
nature of the problem or on the combinations of these parameters. It
appears that, when practicable, each problem should be treated individually.
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It is hoped that the computer program as developed can serve as a useful
tool to provide propeller designers with a method for obtaining the blade
geometry for certain prescribed chordwise load distributions. This
program may also be used in the design calculations of supercavitating
blades. Experimental verification of this design method has been contem-
plated and test results of propeller models designed using this method will
be reported when available.

Since computers may not always be accessible to propeller designers,
it may be advisable to devise some correction factors, taking into account
three~dimensionality using two-dimensional data as a basis for a limited
number of cases. This work will be deferred until a satisfactory program
is developed for the inverse problem of predicting performance for a given
propeller in steady flow. At that time the effect on pressure distribution
due to variations in blade geometry can be calculated. If pressure dis-
tribution is not too sensitive to the changes of camber distributions,
then the use of such correction factors would be justified, otherwise
their use would lead to unsatisfactory pressure distributions.

It should be noted that the thickness effect has not been included.
As brought out in Reference 2, recent work by Kerwin and Leopold may be
incorporated to take account of the thickness effect,

The work on the inverse problems of predicing performance for a
given propeller design in steady and unsteady flows is underway; results
will be reported soon.
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Figure 1 - Coordinate System
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TABLE 1
Calculated Induced Velocities and Camber Distributions for
Propeller 3916D, a = 0.8

OANBER DISTRIBUTISN PRAPELLER 39140 A=0.8 RPLAL1=12-40)
IHPUY DATA

18 Card 1 (see Appendix A for explanstion)
0.00500 0.10000 2.00000150.00000 Card 2
000500 0.01600 0,01400 0.,02800 0.03510 0.05000 0.07000 0.09400 0.12900 Card 3
8.17000 0.22000 0.20000 0.35200 0.4%000 0.55200 0.70900 0.94500 1.00000

[ ] L ] ? 0 0 0 8% Card S
0.01986 0,101566 0,2372% 0,800280 0.59172 0.76276 0.8983% 0.98018 Card &
0.01060 6.10000 0.20000 0.35000 Q.50000 0.465000 0.80000 0.90000 0.99000 Card 7
0.20000 0.30000 0,.40000 0.50000 0.60000 0.70000 0.800C0 0.90000 1.00000 Card 8 T
0. 15400 D. 16600 0.21500 0.25100 0.23200 0.21750 0.18500 0.13%00 0.02000 Ly(r)/D
0430800 0.37200 0.%3000 0.%46200 0.86400 0.83500 0,37000 0,246800 0.0%000 Le(r)}/D
1.86210 1,22835 0,90766 0.70829 0.58622 0.46392 0.38698 0,32722 0.27960 tan pg(r)
0. 0.01695 0.0221h 0,02371 0.02230 0.01883 0.0181IN 0.00854 O. )
0,25000 0.30000 0.%0000 0.50000 0.60000 0.70000 0.80000 0.90000 0.95000 To
1.00000 1,00000 1.000060 1.00000 1.00000 1,00000 31.00000 1.00000 1.,00000 Vx(ro)
0. 18500 0.16902 0.208561 0.22173 0.20765 0. 17661 0.1353% 0.08937 0.04500 sa(ro)
0.16010 0,16476 0.16039 0, 13708 0.10517 0.07483 0,040889 0.02747 0.01770 up(ry)
1.00000 11,0000 1.,00000 1.00000 1.00200 1.00000 1.00000 1.00000 1.00000 Card 8A Colr
0. -0, -0, ~0. -0. -0. -0 -0, -0. Ao(r)
O. -0. -0. -0 -0 -0. =-0. =-0. ~0. Ca(r)
0. -0, -0, -0. =-0. -Q. -0. =-0. -0 M)
0. -0. -0. 0. ~0e -0. -0. -0 =0. A(r)
0. ~G. «0. -0, -0, =-0. =-0. =0, =-0. A3(x)
[:28 -0, ~0. -0. -0. -0. =0 -0, -0. Ay (r)
[ =0. -0, -G -0, -0. -0, =-0. =-0. As(r)

1 3.40000 0,62400 8.00000 1.00000 1.00000 O. Card 9

SUTPUT OATA
AXIAL INOUCED VELSCITY CHKPOKENT

AX/R¢e 0.2500 0.3000 0.8000 0.5000 0.4000 0.7000 0.8000 0.9000 0.9500
X/LY
0.0199 0.0871) 0.0895 0.1128 0.1328 0.1%02 0,138 0.140) 0.1202 0. 1080
0.1017 0.0277 0.0558 0.085¢ 0.0781 0.0813 0.0717 0.0740 0.0081 0.0629
0.2372 0.0145 0.0301 0.033% C.0393 0.0810 Q.07 0.0373 0.0339 0.0292
0.6083 0.0026 0.0051 0.00%1 0.0088 0.0056 0.00u2 0.0069 0.0071 0.0077
0.5911 =0.009% -0.0208 ~0,0253 =0.0297 ~0.0297 ~0.0262 ~0.,022% -0.0167 =-0.0101
0.7628 ~0.0252 ~0.0501 -0.0613 ~0.0719 -0,0728 ~0.0646 =0.0597 =-0,0899 =-0.0388
0.8983 -0.0394 ~0.0798 ~0. 1020 «0.1200 ~0.1220 ~0.1135 -0.102% -0.0871 -0.0706
0.980) -0.0368 ~0.0790 ~0.103% -0.122% ~0.123% “0.1128 ~0.0993 -0.079¢9 «0.0607

TANGENTIAL INOUCED VELSCIYY COHPONENT

RX/RE 0.2500 0.3000 0.%000 0.5000 0.6000 0.7000 0.8000 0.,9000 0.9500
X/LT
0.019¢9 =-0.u808 -0.1169 =0.1063 ~0.0930 -0.0777 -0.,0823 -0.0528 -0.0387 =0.6309
0.3017 ~0.0506 ~0.0786 -0.0626 ~0.055% =0.0854 -0.0352 -0.0279 =0.0219 -0.0187
0.2372 =-0.0277 -0.0811 -0.0326 -0.0285 ~0.0233 -0.0178 =0,0182 -0.0111 ~0.0089
0.4083 -0.0055 -0.0073 ~-0.00%5 ~0.003¢9 ~0.003% =0.0030 =-0.0028 =0.0026 =0.0026
0.5917 0.0175 0.0278 0.0281 0.0212 0.0166 0.0118 0.0082 0.0051 0.0026
0.7428 0.0882 0.0871 0.0581 0.0511) 0.0806 0.0300 0.0221 0.0%56 0.0110
0,8983 0.0693 0. 1085 0.0986 0.0838 0.0871 0.0505 0.0378 0.027% 0,0203
0.9¢01 0.0 ¢ 0.10828 0.09%¢ 0.008S 0.0470 0.0495 0.0381 0.0267 0.0171

INDUCED OSWNWASH DUE T8 FIRST BLADE SNLY

RX/RS 0.2500 0.3000 0.4000 0.5000 0.6000 0.7000 0.8000 0.9000 0.9500
x/Lr
0.0199 0.0933 0. 1872 0.1533 0.1622 0.1603 0.1515 0.1497 0.1263 0.1085
g.1017 0.057% 0.0931 0.0909 0.0957 0.0932 0.0853 0.06791 0.0716 0.0856
0.2372 0.0311) 0.0508 0.0866 0.0886 0.0872 0.0826 0.039¢9 0.0357 0.0305
0.4083 0.0060 0.0089 0.0081) 0.0061 0.0065 0.0067 0.007% 0.0076 0.0081
0.5917 -0.0198 ~0.03%8 -0.0350 =0.0345 =~0.0380 -0.0288 -0.0238 ~0.017h ~0.010%
0.7628 -0.0502 ~0.0837 =0.08k4 ~0.0882 ~0.083% -0.0730 ~0.0837 -0.0523 -0.0403
0.08933 ~0.0796 =0.131% =0.1392 -0. 1804 -0.1393 ~0.1282 ~-0.1091 -0.0913 ~0.0735
0.9601 -0.0782 -0. 1298 =0.1803 ~0.1887 =0, 1k0N -0.1232 ~-0.1056 -0.083¢6 ~0.0630
RX/RS 0.2500 0. 3000 0.4000 0.5000 0.4000 0.7000 0.8000 0.9000 0.9500
p/0 1.1560 1. 1577 11806 1.1063 1.0673 1.0202 0.9726 0.9252 0.8976
Lo 13607 1.5880 1.7200 1.8480 1.8560 1.7%00 1.4800 1.0720 0.7872
CHBRD 2.7213 2.9760 3.4500 3.6960 3.7120 3.8800 2.9600 2. 1600 teh083
CAMBER DISTRIBUTISN
X/LT
0.0100 0.0020 0.0032 0.0032 0.003) 0.0027 0.C021 0.0018 0.0009 0.0005
0.1000 0.015% 0.02385 0.0282 0.0233 0.0198 0.0152 0.0111 0.0062 0.0036
0.2000 0.0244 0.0392 0.0377 0.0362 0.0307 0.0233 0.0168 0.0096 0.0056
0.3500 0.0319 0.0515 0.048% 0.0460 0.0393 0.0297 0.0213 0.0122 0.0071
0.5000 0.0330 0.0529 0.0491 0.0869 0.039¢9 0.0303 0.0220 0.0127 0.6075
0.46500 0.0278 00,0839 0.0802 0.038% 0.0330 0.0256 0.0190 0.0113 0.0079
0.8000 0.0153 0.0229 0.0198 0.0190 0.0172 0.0183 0.0116 0.007% 0.005)
0.9000 0.0016 0.0002 =0.0030 -0.0027 -0.0007 0.0012 0.0029 0.0027 0.0026
0.9900 -0.0120 =-0,023% =-0.0275 -0.0263 =-0.0201 ~0.0129 ~0.0063 -0.0022 0.0000
CANBER RATIS
x/L
0.0100 0.0007 0.0011 0.0009 0.0008 0.0607 0,0006 0.0005 0.000% 0.0003
0.1000 0.0057 0.0082 0.0070 0.0063 0.0053 0,008y 0.0038 0.0029 0.002%
0.2000 0.0090 0.0132 0.0110 0.0098 0.0063 9.0067 0.0057 0.0085 0.0038
0.3500 0.0117 0.0173 0.01n1 0.0125 0.0106 0.0085 0.0072 0.0057 0.0008
0.5000 0.0121 0.0178 0.0183 0.0127 0,0107 0.0087 0.007s 0.0059 0.0050
0,6500 0.0102 0.0147 0.0Nn7 0.010% 0.0089 0.007s C.006% 0.0053 0.0087
0.8000 0.0056 0.,0077 0.0057 0.0052 040080 00080 0.0039 0.0035 0.003%
0.9000 0.0006 0.000) ~0.0009 -0.0007 =0.0002 0.0003 0.0010 0.6013 0.0017
0.9900 ~0.0085 «0.0079 ~0.0080 -0.0071 ~0,005% ~0.0037 ~0.{s21 =0.0010 0,0000

NOTES: 1. Calculation based on one blade only
2. Calculated camber in inches
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TABLE 2
Calculated Induced Velocities and Camber Distributions for
Propeller 3916E, a = 0.6

CANBER DISTRIBUTIEN PROPELLER 39140 AeD b RPLAL1-12-40)
INPUS OATA
18 Card 1 (see Apyerdix A for explimatiocn)
0.00500 0.10000 2.00000150.00000 Card 2
0,00500 0.05000 0,01600 0P.02%00 0.03510 0,95000 0.07000 0,09400 0,1:900 Card 3
0.17000 0,22000 0.28000 0.35200 0.8%000 0.55200 0.70900 0.98500 1.00000
8 9 [} L4 [} ] ] 80 Card §
001986 0.10136 0,2372% 0.40028 Q.59172 0.78276 0.8983% 0,9801N Card ¢
0.01000 0.10000 0.20000 0.35000 0.50000 0.65000 0.80000 0.90000 0.99000 Card 7
0420000 0,30000 0.%0000 0,50000 0.40000 0.70000 0.80000 0.90000 1.00000 Card 8 r
0.15800 0.18600 0.21500 0.23100 0.23200 0.21750 0.19500 0.138500 0,02000 Ly(r)/D
0+30800 0.37200 0.43000 0.46200 0.846MG0 0, %3500 0.37000 0.26800 0.08000 Le(r)/D
1.88210 1,22835 0.90764 0.70M29 0.564822 0,%6392 0.38498 0,.32722 0.27960 taa pe(c)
0. 0.01695 0.0221% 0,023/1 0.02230 0.01883 0.,0In1N 0,00856 0. I(r)
0.25000 0.30000 0.40000 G.5$000 0.60000 0.70000 0.80000 0.90000 0.,95C00 To
1.00000 1.00000 1,00000 1.000C0 1.00000 1.00000 1.00000 1.00000 1.00000 Ve(te)
0. 18500 0,16902 0.2086 1 0.22173 0.20765 0,174/ 0.1358% 0.08937 0.056500 ug(re)
0.16010 0,16678 0.16039 0,13708 0. 10517 0.078183 0,08889 0.02767 0.01770 ug {ry)
1.00000 1.,00000 1.00000 1.00000 1.00000 1.000003 1.00000 1.00000 1,00000 Card 8A C,(lg
0. -0. -0. -0. =0. -Q. ~0. -0, -0, Ag(2)
[ ~0. ~0. =0. -0. =0. -0, -0, -0, Cglr)
0. -0, -C. -0. -0. ~0. «0. -0. “0a. A3cx)
0. -0. -0, -0. -0. -0, -0, -0. -0, Ag(r)
0. -0. -0. -0 -0 -0. ~0. -0. -0. Ay(r)
0. -0, 0. -0. -0, 0. -0, -0, -0, A4(r)
c. -0. -0, -0, -0. -0, -0. -0, -2, 45(r)
1 1.00000 0.082630 8.0000C 1.00000 1.00005 O. Cerd 9
SUTPUT DATA
AXTAL INDUCED VELACITY CEMPINENT
RX/RE 0.2500 0.3000 0.4000 0.5000 0.46000 0.7000 0.8000 6.9000 0.9500
LT
0.01%9 0.0501% 0.0932 0.1163 0.1375 C. 1863 041559 0.1508 0.1317 0. 1170
a.1011 0.0283 0.055) Q. 0a2e C. 25T 0.0799 g.orTy 0.0781 0.0726 G.9702
02372 0.0132 D.0259 0.0269 0.0316 0.0380 0.033% 0.03ak 0,0337 0.0319
0.8083 «0-000¢ «0.5931 ~0.007% -0.0087 ~0.007n ~0.00%9 ~0.0012 0.002% 9.0068
0.5917 ~0.0182 ~0.0373 -0.0480 ‘0:0559' -0.055% -0,0ne2 ~0-2%33 -0.030% ~0.0181
0.7622 -0.0325% -0.0663 ~0.08s8 +0.0992 ~0.0993 -0.0898 ~0.07082 -0.0627 ~0.0850
0.8983 -0.033% -0.07N} ~0.09%60 -0.1137 ~0.31137 -0.1027 -0.0886 =0.0707 ~0.0509
0.9801 -0.0316 ~0.0722 ~0.0952 -0.3128 «0s 1122 ~0.5998 -0.0838 -0.0827 -0.0813
TARCENTIAL TNOUCED YW BCITY CRRPEHENTY
RX/RE 0.2500 0.3000 0.5000 0.5000 0.6000 0.7000 0.8000 0.90600 0.9500
x/Lr
0.0199 -0.0883 -0, 1221 -0, 1083 =0.0945 ~0.0812 =0.0660 =0.0571 «0.08206 ~0.0351
6.1017 ~0.0520 =0.0740 -0.0612 ~0.0581 ~0.0808 =0.035% -0.028% -0.0234 -0.0213
0.2872 ~0.0256 ~0.0360 -0.0270 -0.023% ~0.0197 -0.0157 -0.,013% -0.0113 -0.0101
0,8083 0.0010 0.0038 0.0060 0.0055 0.0035 0.0017 -0.0002 ~0.001% ~0.0023
0.5917 0.0329 0.0501 0.0M52 C.0396 0.0307 0.0218 0.01%9 0.0091 0,005
0.76286 0.0500 0.0880 0.079% 0.0697 0.05%8 0.0398 0.0285 e,0192 0.0123
$.01723 0.0808 0.0948 0.088¢ 0.078¢ 0.0619 G. 0850 0.0319 0.0215 0.0138
[ 2%, [']] 0.05%4 0.0938 0.0870 0,077 0.0406 0.0833 0.0297 o.0187 0.0107
INDUCED OAWNMASH DUE TV FIRST BLADE SNLY
KX/RE 0.2500 0.3000 0.5000 0.5000 0.4000 0.7000 0.8000 0.9000 0.9500
x/Lr
0.0199 0.0994 0.1535 0. 1589 0.1479 0.,18613 0.1601 Q.1613 0.1385 0.1221
0.1017 0.058¢ 0.0925 0,0865 0.0930 0.0916 0.085% ¢.0815 0.0760 0.0736
0.2372 U.0284 0.0%3 0.0380 0.0393 0.0393 0.0369 0.0349 0.0355 0.0338
0.0083 ~0.0013 -0.0087 -0.009S -0.0103 -0.0082 ~0.0052 -0.0011 0.0027 0.0073
0.5917 «0.037n =0.042% «0.0659 ~0.0685 -0.04633 -0.053¢ ~0.0839 -0.0318 -0,0386
0.7628 =0.06882 ~0.110) ~0. 31062 ~0.1212 ~0.113» -0.0982 -0.0832 -0.0655 =0,0%84
0.3%83 -0.0896 -0.1218 -0, 1311 ~0.136s -0.1295 -0.1121 ~0.09h1 -0,0739 ~0,0527
0.7801 -0.0438 -~0. 11381 -0,1290 =-0.1370 -0.¢275 ~0.1087 -0.0088 =0.0465% -0.0826
RX/RS 0.2500 0.3600 G.%000 0.5000 0.4000 0.7000 0.8000 0.9000 0.9500
P/0 1.1560 1. 1577 1. 1808 1.1083 1,0673 1.0202 - 0.9726 0.9252 0.8976
(99 23 1.3607 1.4880 1.7200 1.8%80 1.8560 1.7800 1.5300 1.0720 0.7872
CHERD 2.7213 2.9740 3.8000 3.6960 3.2 3.4800 2.9600 2. 1040 1.A903
C:KIEI orISYRLBUTISN
¥/
0.031C0 0.9022 0.0033 0.003% 0.0033 0.0028 0.0022 0.0017 0.0009 0.000%
0.1000 0.0162 0.0252 0.0280 0.0238 0.0203 0.0158 g.0118 0,0068 0,008 1
0.2000 0.,0253 0,039% 0,0373 0.0357 0.0306 0.0237 0.0175 0.0103 0.0063
0.3500 0.,0318 0.0892 0.0851 0.0831 0.0371 0.0288 0.0215 0.0128 0.0079
¢.3000 0.,0300 0.0863 0,0810 0.0391 0,03m1 0.0270 0.0208 0.0128 0.0083
0.4500 0.,020% 0.0294 0.0238 0,0228 0.0211 0.0180 0.0152 0.0102 0.0073
0.80C0 0.0026 0.0001 ~0.0062 ~0,0057 ~0.0019 0.0016 0.,0089 €. 0050 0.0089
0.9000 ~0.0312 -0.0235 -0,0304 ~0.0290 -0,0208 =0.0118 -0.,0037 0.000S 0.0027
0.9900 =0.0228 =-0,0004 -0.0527 «0.0503 -0,0380 =0.0280 -0.0113 -0.0032 0.001¢C
CANBRE RATIS
Ly
0.0100 0.0008 0.0011 0.0010 Q. 0009 06,0000 0.0004 0.0006 0.000% 0.000n
0. 1000 0.,0040 0,0085% 0.0071 0.008% 0.0055 0.0085 0.0080 0.0032 0.0027
0.2000 0.00%3 0.,0132 0.0108 0,0007 0.0682 0.0068 0.0059 0,008 0.0082
0.3%90 o.0N7 0.0145 0.013) Q.07 0.0100 0.0083 0.0073 0.C040 0.0053
0.5000 0.0112 9,0154 0.811¢ 0.010s 0.0092 0.0078 0.0070 0.0060 0.0055
G.6500 00,0078 €.0099 0.0089 0:0062 0.0057 0.2052 0.0052 0.0088 0.0089
0.8000 0.0010 0.9060 ~0.6018 ~0.6015 -0,0005 0.0005 0.0016 90,0023 0.0033
0.9000 -0.,004 } -0.,007¢ -0.0089 ~G.0078 -0.00568 -0,003% -0.0013 0.0002 0.0018
0.99¢0 ~0.008% «0,0150 «0.0153 ~0.,0138 -0.,0102 =0.0069 -0.0038 «0.0018 0.0007

NOTES: 1. Calculition based on cue blade only
2. Calculated camber in {sches
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TABLE 3
Calculated Induced Velocities and Camber Distributions for

Propeller 3916F, a = 0.4

CAMBER DISTRIBUTION PRIPELLER 39145 A«O.0 XPLALY=12-460)
IKPUT DATA

18 Card 1 (see Appendix A for explanation)
0.00500 0.10000 2.00000150.00000 Card 2
0,00500 0.01000 0.01400 0.02400 0.03510 0.05000 0.07000 0.07600 0.12900 Card 3
0.17C0C 0,22000 0.,28000 0.33200 0.4N000 0.55200 0.70900 0.98500 1,00000

[ ] 9 ] ? [ 0 0 L3 Card 3
0.01988 0,10166 0.2372% 0.40828 0.59172 0.T6276 0.8983% 0.98014 Cerd 6
0.01000 0.10000 0.20000 0.35000 0.50000 0.65000 0.80000 0.90000 0.99000 Card 7
0.20000 030000 0.40000 0.50000 0.60000 0.70000 0.80000 0.900600 1.00000 Card 8 r
0. 15800 0.18800 0.21500 0.23100 0.23260 0.21750 0.18500 0.13%00 0.02000 Ly(r)/D
0.30800 0.37200 0.83000 0,%8200 C.héM00 0.43500 0.37000 0.26800 0.08000 Le()/D
1.86210 1,22835 0.90746 0.70829 0,564622 0.%6392 0,38498 0.32722 0.21960 tan pq(r)
0. 0.01495 0.0221% 0.02%7) 0.02230 0.01883 0.01814 0.00856 0. I(r)
0425000 0.30000 0.%0000 0.50000 0.60000 0.70000 0.80000 0.90000 0.95000 To
1.00090 1.00000 1.00000 1,00000 1.00000 1.00C20 1.00000 1,00000 1.00000 Vx(ro)
0. 18800 3,06902 0,2084) 0.22173 0.20765 0.17661 0.1358% 0.08937 0.06500 ug(ro)
0.18010 0.16678 0.14039 0,13708 0.10517 0.07883 0.00889 0,02767 0.01770 ue(ry)
1.00000 1.00000 1.000006 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 Card 8A Co(rg
Q. =-0. -0, -0. -0. -0, -0, =0. -0. Ao(r)
Q. -0. -0, ~0. -0. -0, ~0. ~0. -0. Ce(r)
Q. -0, ~0. 0. -0. =0. =0. -Q. =0. A (r)
0. ~0. -N. ~0. =-0. =0. ~0. =-0. =0. Ax(r)
0. -0e -0, -0, -0, =0. -0. -0, -0, A3(r)
0. =-0. =Q. =0. -0. ~0. -0. -0. ~0. Ag(r)
Q. -0, =-0. -0, -0. ' ~0e =-0. -0. As(r)

t 1.00000 0.82400 8,00000 1.00000 1.00000 0. Card 9

SUTRUT DATA
AXIAL INDUCED YBLOCITY CSNPENENT

AX/RE 0.2500 0.3000 0.5000 0.5000 0.6000 0.7000 0.8000 0.9000 0.9500
x/LY
0.019% 0.0539 0.0076 0.1211 0.1831 0.15836 0.155% 0. 1639 0. 1857 0.1325
0.1017 0.0288 0.053¢ 0.0610 0.0721 0.077% 0.0771 0.0780 0.0773 0.0788
0.2372 0.0109 0.0198 0.0175 0.0205 0.0237 0.0252 0.0290 0.0315 0.0333
0.4083 ~0.0095 =0.0193 ~-0.0295 ~0.0342 -0.0323 ~0.0270 =-0.0193 =-0.0107 -0.000%
0.3917 -0.0250 -0.0506 =0.0688 =0.0771 -0,0740 -0.0872 =0.0557 -0.0806 ~0.0229
0.7428 -0.0313 -0.0643 ~0.00858 =9.100% ~0.0999 -0.0890 =0.075% =0.0579 ~0.0379
0.8983 -0.0319 -0.0712 -0.0933 ~0. 2102 ~0.1093 -0.0973 <0.0817 =0.062% =0.0%09
C.9801 ~0.0296 ~0.0496 ~0.0920 ~0.1290 -0.1077 -0.09%$ ~-0.0773 -0.0552 ~0.032%

TANGENTIAL IMDUCED YELBCITY COMPENENT

AX/RS 0.2500 0.3000 0.4000 0.5000 0.6000 0.7000 0.8000 0.9000 0.9500
x/LY
0.0199 =0.0928 -0.1283 -0.1131 =0. 1007 ~0.0855 -0.0706 -0.0625 =0.0875 -0.0802
0.1017 =-0.0531 -0.0733 -0.058¢ ~0.0519 ~0.0M838 -0.0355 ~0.0320 -0.0256 =0.0262
0.2372 -0,0213 -0.020) -0.0186 ~0.015¢9 ~0.01a3 -0.0123 -0.0119 -0.011 -0.0110
C.n0083 0.0157 0.02%9 0.0265 0.0233 0.0172 0.0113 0.0062 0.002% =-0.0011
0.5917 0.0h44 0.0875 0.0622 0.0583 0.0819 0.0296 0.0200 0.0119 0.0055
s.T428 0.055%9% 0.0877 0.0800 0.0708 0.05h8 0.0392 0.027 0.0173 0.0097
0.8983 0.0542 0.0928 0.0857 0.0743 0.0359% 0.052% 0.029 0.0186 0.0104
9.7¢0) 0.U51¢ 0,089 0.0838 0.0750 0.0582 0.0%09 0.0272 0.015) 0.o0n7e
INDUCED DOWMMASH DUE T8 FIRST BLADE SNLY
AX/RS 0.2500 0.3000 0.5000 0.5000 0.4000 0.7000 0.8000 0.9000 0.9500
T
0.0199 0.1071 0.1412 0. 1657 0. 1750 0.1758 0.1707 0.1736 0.1532 0.1385
0.1017 0.0601 0.0909 0.0847 0.0889 0.0889 0.0888 0.0036 0.081% 0.0820
0.2372 0.0239 0.0383 0.025% 0.0240 0.0276 0.0280 0.0313 0.033% 0.0350
0.N083 ~0.018% ~=0.0315 -0.0397 «0.081% -0.0366 -0.0292 -0.0202 =0.0109 -0.0001
0.5917 =~0.0510 -0.0843 =0.0909 =0.0983 -0.0868 ~0.073s ~0.0592 ~0.0823 -0.0235
0.7628 -0.0639 =0.1099 -0.1173 -0. 1228 =0. 1140 -0.0972 -0.0801 =0.0608 =0.0391
0.8983 «0.0685 -0.1168 -0.1247 =~0. 1380 0. 1280 -~0.1061 -0.0867 =0.0651 -0.0021
0.9801 =0.0593 -0.1133 =0. 1280 «0.1323 =0.122% -0.1029 -0.0819 =-0.0575 ~0.0332
RX/RE 0.2500 0.3000 0.%000 0.5000 0.6000 0.7000 0.8000 0.9000 0.9500
»/0 1.1560 1.1577 1.1806 1.1063 1.0873 1.0202 0.9726 0.9252 0.8976
L.E. 1.3807 1.4880 1.7200 1.8%80 1.8560 1.7800 1.4800 1.0720 0.7872
CHORD 2.7213 2.97460 3.8500 3.6960 3.7120 21,4800 2.9600 2.1580 1.4983
CANSER BLISTARISUTINN
x/LY
0.0100 0.002% 0.0036 0.0036 0.003S 0.0030 0.002a 0.0019 0.0011 0,0008
0.1000 0.0172 0.0259 0.0250 0.0240 0.0209 0.0165 0.0126 0.007» 0.0086
0.2000 0.0261 0.0393 0.0365 0.0359 0.0303 0.0260 0.0183 0.0111 0.0071
0.3500 2.030% 0.045) 0.0395 0.0377 0.0333 0.0268 0.0210 0.0132 0.0087
0.5000 0.0280 0.0382 0.0248 0.0256 0.0280 0.0204 0.0177 0.0119 0.0085
0.46500 0.0098 0.0108 0.0023 0.002% 0.005S 0.0078 0.0099 0.0083 0.00673
0.8000 -0.0083 -0.0201} ~0.,0296 -0.02179 -0.0188 ~0.0092 ~-0.,0006 0.0032 0.0051
0.9000 =0.0211 =0.0827 =-0.0531 -0.0305 -0.0370 -3.0220 -0.0086 -0.0007 0.003%
0.9900 -0.0319 -0.0630 ~0.07%5 =0.0T12 =-0.0536 =-0.0333 ~0.0156 ~-0.0080 0.0021
CANBER AATIS
x/Ly
0.0100 0.0009 0.0012 0.0010 0.0009 0.0008 0.0007 0.0006 0.000% 0.000%
0.1000 0.0083 0.0087 0.0073 0.0065 0.0058 0.0087 0.0043 0.0035 0.003%
0.2000 0.0096 0.0132 0.0106 0.009% 0.0082 0.6069 0.0062 0.0052 0,007
0.3500 0.0112 0,015} 0.0115 0.0%02 0.0090 0.0077 0.0071 0.0062 0.0058
003000 0.0088 0.0115 0.0078 0.0069 0.0065 0.0059 0.0060 0.0056 0.0057
0.4500 0.0036 0.003% 0.0007 0.0007 0.0015 0,0022 0.0033 0.0059 0.0049
0.8000 -0.,0031% «0.0047 -0.0086 «0.0075 =0.0051! -0.0024 =~0.0002 0.0015 0.003%
0.9000 «0.0077 =0.0163 =0.0150 -0.0137 =-0.0100 =0.0063 =-0.0029 -0.0003 0.0023
0.9900 ~0.0117 =0.0212 =0.0217 ~0.0193 ~0.01h% =-0.0096 ~0.0053 ~0.0019 0.C01n

NOTES: 1. Calculation based on one blade only
2, Calculated camber in inches
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TABLE 4
Calculated Induced Velocities and Camber Distributions for
Propeller 3916G, a = 0.2

CAKBER DISTRIBUTION PASPELLER 39146 A=0.2 APLALI-12-60)
INPUY DATA

8 Card 1 (see Appendix A for explasation)
0.00503 0.,10000 2,00000150.00000 Card 2
0.0056C 9.01000 0,01600 C.02400 0.03510 0.05000 0,07000 0.09400 0.12900 Card 3
0.17000 0.22000 0.28000 0,35200 0.43000 0.55200 0.70900 0.9%500 1.00000

8 * [} 14 ] 0 [} 20 Card $
0.01986 0,10746 0.2372% 0.%0828 0.59172 0, TA274 0.3983% 0,98010 Card ¢
0.01000 0.10000 0.20000 0.35000 0.50000 £.45000 0.80000 0.9000V 0.99000 Card 7
0.20000 0.30000 0.M0000 0,50000 0.40000 0.7000C 0.80000 0.90000 1.00000 Card & b 4
0o 15400 0. 10600 0.21500 0,23100 0.23200 0.21750 0,18500 0, 134800 0.02000 Lg(r)/D
C.30800 0.372200 0.8N3000 0.44200 0.854400 0.83500 0.37000 0.26800 0.08000 Le(r)/D
1.86210 1.22835 Q.90766 0.70829 0.54822 0.84392 0,384898 0.32722 0.27940 tan py(r)
0. 0.01895 0,02218 0.0237) 0.02230 0,01883 0.0I6IN 0.00856 2. ()
0.2%000 0.30000 0.N0000 0.50000 0.40000 0.70030 0.80000 0.90000 0,95000 To
1.00000 ¥.00000 1,00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.,00000 Vx(rp)

’ 0. 18500 0.16902 0.20861 0,22173 0.207e5 0.17461 0, 13588 0,08937 0,08500 ug(re)

0. 14010 0.16478 0.14039 0.1370% 010517 0.07883 0.04889 0,02787 0.01770 ue(rg)
1.00000 1.00000 1,00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 Card 8 CQ('g
0. =-0. -0. -0. =0 -0. -0. -0, -0. Ag(r)
0. -0, -3 -0. -0. -0. ~0. -0, -0. Ce(r)
o. =0 Ll 28 ~-0. -0. -0 -0. -0, =-0. Ay (r)
0. -0. -0. -0. -0. -0. -0, -0. -0. A2(r)
Q. -0 ~0. -0, -0. -0. -0. -2 -0. A3(r)
C. -0 -0. -0, -0, -0 -0, -0. =-0. ay(r)
c. -0. -0, -0. ~0. -0, -0. -0, -0. As(r)

1 1.00000 0.82500 8.00000 1,00000 1,00000 O, Card 9

SUTPUT OATA
AXIAL IMOUCED VELOCITY CBMPINENT

00 KX/RS 0.2500 0.3000 0.%000 0.5000 0.6000 0.7000 0.8000 0.9060 0.9500
x/LT
2 0.0199 0.0585 0.1030 0.1267 0.1096 0.1623 0.1666 0.179% 0. 1018 0.1501
R 0.1017 0.0285 0.0511 0.0555 0.0656 0.0720 0.0738 0.0776 0.079¢ 0,087
o 0.2372 0.0034 0.0057 -0.0023 ~0.002% 6.0011 0.008¢ 0.0120 0.0185 0.0287
2% 0.8083 0,088 -0.029% -0.0831 ~0.0899 -0.087Y ~0.0M09 ~0.0309 <0.0193 -0.0055
K3 0.5017 -0.0256 «0,0529 -0.0697 -0.0812 ~0.0798 -0.0760 -0.0573 ~0.0807 ~0.0215
I\ 0.7428 -0.0305 -0.0458 -0.0856 ~0.1005 -0.099% -0.087¢ ~0.0738 -0.0550 -0.0339
: 0.8983 -0.0308 -0.0699 -0.0918 ~0.1084 -0, 1072 -0.0987 -0.0785 -0.0585 -0.038)
24 0.9401 -0.0287 ~0.0485 -0.0906 -0.1073 -0.1056 -0.0920 -0.078% ~0.0517 -0.0282
TANGEMT AL INDUGED VELSCITY COMPENENT
00 RX/KS 0.2500 0.3000 0.4000 0.5000 0.4000 0.7000 0.8000 9.9000 0.9500
x/LY
102 0.0199 -0.1002 -0, 1355 -0.1186 -0.105% -0.0907 -0.0762 ~0.0489 ~0.0531 ~0.0859
%2 0.1017 -0.0528 -0.0699 0,052 ~0.0877 -0.0812 -0.0385 ~0.0308 -0.0269 -0.0285
10 0.2372 ~0.0088 -0.0097 -0.000% -0.0001 -0.0021 -0.0035 -0.0058 -0.0073 ~0.0088
m 0.%083 0.0251 0.0385 0.0393 0,034 0.0258 0.017% 0.010% 0.008¢ 0.0001
155 0.5917 0.GAST 0.070% 0.0652 0.0570 0.083% 0.0308 0.020% 0.0118 0.0089
bdd 0.7428 0.0543 0.0067 0.0795 0.0702 0.054% 0.0385 0.0242 0.0162 0.004%
108 0.a943 0.0540 0.090% 0.0842 0.0750 ©.0582 0.0852 0.027¢ 0.0173 0.008¢
e 0.9¢01 0.0M4 0.0875 0.0823 040737 0.0570 0.0398 0.0261 0.01%0 0.0045
INOUCED DSWNWASH DUE T# FIRST BLADE BSNLY
00 o AX/RS 0.2500 0.3000 0.1000 0.5000 0.4000 0.7000 0.8000 0.9000 0.9500
gg 0.019¢ 0.1158 0.170! 0.1738 0.1831 0.1859 0.1832 0.1923 0.1703 0.1569
20 0.1017 0.059% 0.0865 0.077% 0.0811 0.7830 0,081k 0.083% 0.0843 0.0887
3 0.2372 0.0092 0.0111 ~0.0014 -0.0019 0.0020 0.0059 0.0133 0.0199 0.0262
0.4083 ~0.0291 -0.0885 -0.0583 ~0.0606 -0,05%3 ~0.0880 ~0.0325 -0.0199 -0.0053
3? 0.5917 -0.0522 -0.0880 ~0.095% «C.0992 -0.0910 -0.076% -0,0608 -0.082% ~0.0220
a 0.7628 ~0.0821 -0.1088 ~0.1169 -0.1226 -0.1133 -0.095¢ -0.0779 ~0.0573 -0.0349
2 0.8983 -0.0620 -0.1188 -0.1285 -0.1318 -0.1219 -0.1032 -0.0833 -0.0610 -0.037)
0.9601 ~0.0572 -0. 1111 ~0. 1524 -0.1302 ~0.1200 -041002 ~0.0788 ~0.0538 -0.0289
32 AX/RS 0.2500 0.3000 0.32000 0.5000 0.4000 0.7000 0.8000 0.9000 0.9500
LS »/0 1.1560 11577 11836 1.1083 1.0873 1.0202 0.9724 0.9252 0.8976
L.E. 1.3607 1.3880 1.7200 1.8880 1.8560 1.7800 1.4800 1.0720 0.I872
" CHaRD 2.7213 2.9160 3.4800 3.6960 3.7120 3.%800 2.9600 2.1880 1.0983
CARNBER BLSTRIBUTISN
x/LY
f: 0.0100 0.0026 0.0037 0.0038 0.0036 0.0032 0.0026 0.0021 0.0012 0.0007
0.1000 0.0182 0.0267 0.0255 0.0248 0.0215 0.0 0.0138 0.008) 0.0052
;; 0.2000 0.0258 0.0374 0.0339 0.932% 0,0287 0.0233 0.0185 0.0115 0.0077
a 0.3500 0.0257 0.0366 0.0295 0.0282 0.0261 0.0221 0.0187 0.012% 0.¢087
8 0.5000 0.0185 0.0213 0.0119 0.0115 0.0131 0.0134 0.0139 G.010% 0.0083
3 0.6500 0.0017 -0.0035 -0.0182 -0.0133 «0.0066 ~0.0002 0.0057 0.0068 0.0071
51 0.8060 ~0.0160 -0.03%8 ~0.0862 -0.0837 ~0.0309 -0.0170 -0.0086 0.0019 0.0051
1) 0.9060 -0.0283 ~0.0564 ~0.0898 ~0.0681 -0.Ca88 -0.0295 ~6.0122 -0,0018 0.0036
21 0.9900 ~0.0387 ~0.0768 -0, 0704 ~0.0868 “0.0851 -0.0807 ~56.0190 ~0,0089 0.0025
CANSER RATIS
XLt
o 0.0100 0.0009 6.0013 0.001) 0.0010 0.0009 0.0007 0.0007 0.0005 0.0005
3N 0.1000 0.0067 0.0090 0.007% 0.0084 0.0058 0.0050 0.0084 0.0038 0.0035
7 0.2000 0.0095 0.0126 0.0098 0.008¢ 0.9077 0.0067 0.0062 0.005% 0.0081
8 0.3500 9.0095 0.0123 0.0084 0.0078 0.0070 0.0063 0,003 0.0058 0.0058
57 0.5600 0.0081 0.007} 0.0035 6,003} 0.0035 0.003¢ 0.0057 0.008¢ 0.0055
) 0.6500 0.0006 -0.0012 ~0,004 1 ~0.0033 -0.0018 -0.0000 .0019 0.0032 0.0087
3 0.8000 «0.0059 ~0.0115 ~0.0138 -0.0118 -0,0083 -0.0089 -0.0015 0.0009 0.003%
23 0.9600 ~0.0108 -0.0190 -0.0202 -0.0179 -0.013} ~0.0085 ~0.0081 ~0.0008 0.062%
n 0.9900 ~0.0182 -0.0257 ~0,0263 -0.023% -0.017% ~0.0117 ~0,0068 -0.0023 0.0014

NOTES: 1. Calculation based on one blade only
2. Calculated camber in Inches
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TABLE 5

Calculated Camber Distributions for Propellers 39174, 3917D,
3917E, 3917F, and 3917C

TWPyYT CATA
18
0.00300
000300 €.01000
0417000 0.22000
L] ]
0.019806 0s10160
G+81000 0<10000
0.30000
0.20900
Oe 32200
1622038

94306400
1.86210
L2 0401895

0.23000
1400000
0s14300

0430000
100000
0s16902
0+16010 Oel0070
1.60000 1.00000
L -0
0 -0
[N -0
0. =0.
Qe -0,
Ce -0
e -0

=0
-0e
-0
-0,
-0
-0e
-0

0.01800
0.28000

1
0223724
0420000
0+40000
0.26400
Oe43000
090700
0.02214
040000
100000
0420801
0416012
1.00000

0.02400
Cs352Q0
L)

O«40828
0:33000
0+30000
G.208400
0446200
0e70429
0.0237)
0,30000
1.00000
Q22172
0e13704
1.00000

=0
-0
Q.
=0,
=0
-0
~0e

0410000 2,00000130400000

0.035%10
0.44000

o
039172
0450000
0480000
0.27300
Oed 5400
0a%0022
0,022)0
0.60000
100000
020705
0410517
1.00060

-0.
-0,
-2
Qe
=0.
=0
-0,

=0
-0
«0e
-0
-0
-0

=-0. =0

0403000 0407000
0435200 0.70900
o o
076276 0.09834
0485000 0.80000
0.7C000 0,80000
0e227C0 0414900
043300 037000
0446392 6,38698
0.01088) 0,01414
0470000 0.60000
1.00000 1.,00000
0e1706061 0.1J580
0.07483 0,04889
100000 1.00000
=0.
~0e
=-0e
=0
=0s
-0e

1 1000000 0,82¢600 8,00000 1.00000 1.00000 0.

CARSER NATIO
T
e.0t00
o.t000
0.2000
0.3500
0.5000
0.8300
0.80090
0.9000
0.9%00

CAMGER RATIO
R/LT
0+.0100
03000
0.2000
©aJ300
6+3000
046300
0.8000
0.9000
049900

CANGER RAT IS
xNT

Sati00
021608

CAMSER RATIU
Lt
0.0100
041000
0+2000
043300
05000
0+8300
0.8000
0+9400
99900

0.0011
©.0049
0.01%0
040238
0e.0301
Oe0344a
0.0354
0.03618
00334

0.0012
0.00%70
0.01066
0.0252
03314
0.0351
0.035%
0.0320
0.02084

. 0012
0103
0178
(8} 13

SAMS
0018

00003

L 21
[ L 212 ]
S.0192
0278
WeN7?
Se0311
. 0078
(22 31
0208

0.0016
0.0823
00202
G.0271
0.02¢3
0.0230
0.,02¢2
00,0200
Ce0tr2

00012
0.0090
0.0Las
0.0197
0.0217
0.0206
G.016¢
0.01)3
00044

0.0012
0.09093
0.0t487
020194
00204
0.0179
0.0011
020035
=0.0040

€>8033
~0e 04T
LT 11

.0014
®nolee
Sa bR
L X 25¢ )
048
S.0008
-0 0037
ote8lls
~Sa 0183

0.001%
0.0195

PROPELLER 371TA  Aml.0
0+0009 0.0008 0.0008
0+0081 0.,0057 0,005
0.009) 0.0080 0.0080
0.081) 00103 0.0097
0.0101 0.009% 0.0092
0.,0068 0.0065 0.0068
0.0010 0.,0013 0.0027
=0e0084 ~0.0035 =0.0011
=0.012) ~0.0096 =0.0060
PROPELLER 39170 4Ae0.8
C.0009 0.0008 0.0008
0.,0002 0.0058 00055
0.0090 0s0084 0.0080
O.0100 0+0094 0.0092
0.0079 0.0075 0.0078
0.0030 %.00 0.0044
~0.0051 «0e004} =0.001)
=0.0128 =0.0t09 =0.00067
«040205 =-0.0177 ~0.0121

~9.0218
~8.0279

«0s
-0.
-0,
-0,
=0e
=04
-0

s
-9.024)

0409500 0.12900
0494500 1.00000

0+98014

0.90000 0.99000
0.90000 1,00000
0+03300-0.11200
0426800 0.04000
0632722 04279060
0.008%6 0.
0.90000 0.,95000
100000 1.00000
B.08937 0.06300
0.02767 0.01770
1.,00000 1.00000
=0

=0e

=0

=0

~0s

=0

-0

~2.¢1T0

PROPELLER 39175 AvD.2
040010 0.0010 0.0010
040062 0+0000 0.00061
0.0070 00008 Ue0O74
00031 0.0033 00050
=0.,00%6 -0,0035 =0.,0004
=0.001¢3 =0.0t21 ~0.0072
“0.,0230 ~0.0216 =0.0148
~0+0324 =0.020¢ ~0.0199
«040339 =0,0340 “0,024%

Tk,

28

Cacd 1 (eee Appendix A for explanation)

Card 2
Cazxd 3

Cazd 3
Card &
Cord 7
Card 8

0.0007
0.0051
0.0078
00039
0.0103
0.,0092
0.0067
0.0042
o.000e

0.0008
0.00%4
0.00813
0+0097
0.0097
0.0079
0+008)
0.0000
~0.00)3

0.0010
0.000>
00045
o.0078
0.0040
00000
=000%2
«0.0007
~0.0119

Lalculaticn based on ooe blsds only

0s0007
0,003
0.0075
0.0098
0.0106
0.0103
0.0068
0s0072
0,004

040007
040052
0.0079
0.0108
0.0107
040099
62076
0.0031
0.002%

0.0010
00006
00091
0.00v0
0.0078
Ge 0049
L0016
=-¢.0008
*0.0028

0.00006
0.0043
0.0073
0.9102
0.0120
0.0129
0.0130
0.0120
000114

0.00006
0+0049
0.0029
0.0110
0.0127
Oe0LIe
0.0131
0.0119
0.010%

0,000V
©e00064
ue009?
V.07
0.0t118
00109
06,0008
Ge 008y
V.0074

0.0003
0,0038
0.00006
00098
0,024
0.0144
0.01%0
0.01061
0.0130

0.,0003
0.0042
0.007)
0.0108
0.0136
0.0136
G.0167
G.0166
0.0169

0.0166
[ITY)
s.0161

Ve 0007
00057
0e00+S
GO0
UeOl43
VeO15%
v.a158
Ue015%0
(Y- 2E1)




TABLE 6

Comparison of Ideal Angle of Attack,
Symmetrical and Skewed Blades, with Two-Dimensional Data

Radius r/R|{ 0.25 | 0.30 | 0.50 | 0.70 | 0.90 | 0.95
Lift Coefficient Ce 0.180 | 0.193 | 0.156 | 0.100] 0.060] 0.040
Ideal angle of attack, deg ay
a=20.8
two-dimensional 0.28 0.30 0.24 0.15 0.09 0.06
symmetrical blade 0.29 0.50 0.46 0.24 0.07 0.02
skewed blade -1.60 0.31 1.06 0.23 | -0.59 | -0.90
a = 0.6
two-dimensional 0.46 0.50 0.40 0.26 0.15 Q.10
symmetrical blade 0.52 0.92 0.83 0.42 0.10 | -0.C1
skewed blade -1.37 0.73 1.43 0.40 | -0.55 | -0.92
a=0.4
two-dimensional 0.62 0.67 0.54 0.35 0.20 0.14
symmetrical blade 0.69 1.26 1.14 0.57 0.12 | -0.07
skewed blade -1.15 1.07 1.75 0.57 | -0.48 | -0G.91
a=0.2
two-dimensional. 0.75 0.80 0.65 0.42 0.25 0.17
symmetrical blade 0.83 1.5 1.38 0.69 0.14 | -0.08
skewed blade -0.96 1.34 1.97 0.72 | -0.41 | -0.87
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TABLE 7
Calculated Induced Velocities and Camber Distributions for
Propeller 3916J, Chordwise Load Distribution Corresponding
to Angle of Attack

PROPELLER 3918J ANGLE OF ATTLCK TEAW ONLY XPLA{1=12-6%5)
IWAUT DATA
1e Card 1 (ses Appontix A f9¢ emplanetiss)
0400800 0410000 2.00000130.00000 Card 2
30800 0.01009 0401600 0.02400 0,033510 0.03000 0.07000 0.09400 0.12900 Card 3
0417000 0422000 0.28000 0439200 0,44000 0.55200 0.70900 0.94300 1.,00000
] 9 [} 9 0 [ o [ -0 Cerd 3
001986 0.100606 0.23724 0440828 0.59172 0.76276 0.89834 0.90014 Card 6
0401000 0. 10000 020000 (233000 0.5C000 04063000 0.80000 090000 0499000 Card 7
0+20000 0.30000 0.40008 0430000 0.60000 0.70000 0.80000 0.90000 1.00000 Card 8 [ 4
013400 0418600 0.21300 0.23100 0,22200 0,21750 0.18300 0.13400 0.02000 Ls(r)/p
0430000 0.23720C 0.43000 0.406200 0,46400 0.,43500 0437000 0.26800 004000 Le ()
186210 1.2263% 0.90700 0.70429 0.5¢622 0.408392 0.34698 0432722 0427960 cem pe(r)
Oe 0401693 0¢02214 0402371 0,02230 0401683 0.08414 0,00836 0, r(r)
0423000 0430000 0.40000 0350000 0,60000 0.70000 0,80005 0,%0000 0,93000 To
100000 1.00000 1.00000 100000 1,0€000 1.00000 §1+00000 1.00000 1.00000 Vx(re)
0e143500 0016902 0,20801 0422173 0.20785 0.1766) 0.13304 0.08937 0.06300 ua(ry)
0016030 016673 0,16039 04313704 0.10317 0.07483 0.04889 0,02767 0.01770 ue(ry)
18 -0s -0« -0e -0, -0, -0. -0 =06 Card 84 c,(:y
0003862 0483662 0463662 0403062 0463662 0,03662 0.43062 0.63662 0463662 Ao(r)
oe -0 -0e -0, -0e =-0e -0e -0e -0 ey (x)
(18 “0e -0. =-0e -0e -0, -0 -0 -0 A(r)
28 0. -0, -0. -0. -0 -0, -0, -0 Az(r)
[ -0 -0. -0. -0. =-0. -0 -0 -0, Ay(r)
0. =-0. -0 =0, -0 -0 -0e -0, -0, M0
[ ~-0a -0 -0e “0e -0 -0e -0. -0. 25(x)
1 1.00000 0.82600 8.00000 1.00000 1.00600 0. Card 9
OUTPUY CATA
ARTAL INDUCED VELDCITY COMPONENT
RX/R0 0.2500 0.3000 9.4000 Ve3000 3.6000 0.7000 0.8000 ©+9000
x0T
0.0189 ~0.0038 ~0.0068 -0.0333 «0.0360 =-0.0186 0.0067 0.0730 040880
043017 -0.0127 ~0.0226 ~0.0401 -0.0350 ~0.0303 -0.0418 “0.,0263 -0.0070
0.2372 -0.0377 ~0.03)9 -0,0348 ~0.0630 =0.0603 ~C.0514 -0,0372 -0.0219
0.4083 «0,0214 ~0,0448 -0.0629 ~0.0734 -0.0708 =0.0605 =0.0465 -040303
0.3717 =0.0242 ~0.C337 -0.0716 ~0.0839 ~0.0817 ~0.0702 ~04035) -0.0368
0.7828 -0.0263 ~0,0007 -0.0796 ~0.0937 ~0.0916 ~0.079% ~0.0634 =0,0440
0.8983 ~0.0277 ~0.0654 ~0.00858 -0.1014 =-0.0994 -0,0862 «0.00693 ~0.0486
0.9001 -0.02084 ~0.0678 -0.0895 -0.1059 -0.1040 ~-0.0901 -0.0722 ~0.0461
TANGENTIAL IMDUCED VELOCITY COMPOMENT
"RA/RO 042500 0. 3000 0.4000 0.5000 06000 047000 0.8000 049000
x/LY
040199 —-0.0081 0.0016 040249 0.0210 0.0071 ~0.00%9 -0.0305 -0.0307
041017 0.018) 0.0250 0.0399 00,0334 Ve0254 0.0166 0.0078 0.0002
0.2372 0.0283 0.0432 0,0487 0.0429 0.0319 0.0213 0.0122 0,005
0.4083 0.0373 0.0389 0.0379 0.0509 0.0384 0.0261 0.0160 0.0081
0.5917 0+0429 0.0708 0.0063 0.0586 0.0447 0.0306 0.0194 0.0103
e.7028 0eGas? 0.0788 00732 0.06%1 0.0%90 0.0388 0.0224 o 0127
IN _T}] 040411 D.0833 0.0781 0.009? 0.0%40 0.037¢ 00243 0.u142
0.9601 0.0472 0.0838 0.0808 0.0727 0.0563 0.0392 0+0255 0.0840
INOUCED OOWNWASH CUE TQ FIRST BLADE ONLY
RX/ROQ 0.2500 0.3000 044000 0.5000 0.6000 0.7000 0.8000 09000
x/tT
040199 0.0012 ~0.0053 -0.,0413 ~0.0413 ~0:0196 0.,0085 0.0791 0.0932
0.1017 «0.0198 «~0.,0336 ~0.0624 -0.0653 ~0+0362 ~0,0449 ~0.,0274 -0.,0067
0.2372 -0.0334 ~040349 -0.0733 -0.0767 -0.06082 -0.0557 ~0.0391 -0.0224
0.4083 -0.0429 “0.0738 -0.00855 ~0.0893 -0.0806 ~0.0659 ~0.0492 =0.0313
0.3917 -0.0491 ~0.0888 -0.0978 ~043023 -0.093} =0.0766 ~0.0335 =0.0382
0.7629 ~0.0528 ~0.0994 ~0,1082 -0.1141 ~0e1044 ~0.0863 ~0.0672 ~0.0458
0.8983 ~0.03493 ~0.1039 -0.1300 -0.1232 -0e1131 ~0.0941 ~0.0735 ~0.0%06
O.9a01 -040350 ~0.1091 -0.1208 -0.128% ~0.1182 ~0.0982 ~0.0765 ~040301
RX/R0 0.2300 0.3000 0,4000 045000 0+6000 0.7000 0.8000 0.9000
/0 11560 11877 1.3406 1+1063 1.00673 1.0202 N.9728 0.9252
LeEe 13607 1.4880 1.7200 teB8480 18360 1.7400 1.4800 1.0720
CHORD 2.7213 2.9700 3.4400 3.6960 37120 3.4000 2.9600 2.1440
CANAER DISTRIBUTION
x/LY
040100 00001 0.0001 ~0.0007 ~0.0006 =-0+0001 040004 0.0011 0.0008
041000 ~0.,0014 «0.0933 -0,0095 -0.0089 -0.0053 -0.0018 0.0029 0.0029
0.2000 -0+0063 ~0.0116 -0.0222 ~0.0210 =0.01a6 «0+0081 ~0.0003 0.0019
003500 =-0.0170 -0.0290 =0,0437 ~0.041% «000304 ~0.0187 ~0.0001 ~0.0003
0.35000 -0.0297 -0.0311 =-0.0068) ~0.0649 ~0s0487 -0.0310 ~0.0131 «0.0032
0.6300 ~0.0440 «0,0768 -0.0957 ~0.0910 =0.0693 -0,0449 ~0.02314 ~0.0068
0.0000 -0.09392 ~0.1053 -0,13257 -0.1198 «040920 -0.0603 ~0.0304 -0.0108
0.9000 ~0.0698 “0.1256 =CetaTs ~0.1408 ~0.1085% -0.,0713 ~0.03068 -0.0133
0.9900 -0.0793 ~0e1445 «0e1673 ~0.1600 ~0s1240 -9.0821 «0,0430 ~0.0162
CAMBER RATSC
Xt
0.0100 0.0001 0.0000 -0.0002 ~0.0002 ~0.0000 0.0001 0.0000 040004
0.1000 -0.0003 ~0.0011 =0.0028 -0.0024 =0.0014 ~0.0008 0.0010 0.,0014
0.2000 -0.,0024 ~0.0039 ~0,0065 «0,0057 -0.0039 =-0.0023 «0.0002 0.0009
0.3600 =0+0062 ~0.0098 ~0.0127 ~0.0112 -0.0082 ~0.0034 ~0.0021 ~0.0001
0.5000 ~0.0109 -0.0172 =0.0199 =0.0176 -0e0131 ~040089 ~0.0044 -04001%
0.8300 =~0.01062 =0,0238 -0.0278 ~0.0246 -0.0187 «0.0129 “040071 -0,0031
0.8000 ~0.02t8 ~0.r354 -0,036% “0.0324 ~0¢0248 -0.017) ~0.,0102 -0.0049
0.9000 -0,0237 ~0.0422 ~0.0428 ~0.0380 ~0.0292 -0.0206 -0.0124 «0.0063
0.9900 ~0.0292 ~0.0486 ~0.048% -0.0433 =0.0334 «0.0236 ~0.0149 ~0.0076

NOTES: 1. Calculation based on one blade
2. Calculated camber in inches

30

09300

Oelde8

Qo016
=0e0tnR
~0.0113
=0.0158
~0.0222
“0e0239
~0.0237

09500

~0.0430
=0.0036
0.0010
0e0014
0.0029%
0.0047
0.0038
0.00s1L

0.9500

Ds1834

0.0127
=0.01023
=0.0112
=0s0180
~0+0226
~0.026%
~0s0241

0.9500
08976
CoTAT2
1.4943

0.0008
0.0034
0.0033
00027
0.0020
0.0030
~Jde.0002
=-0s.0012
=0s0021

00003
00023
0.0022
0.00}18
Ce.0013
C.0007
=0.0001}
«0.0008
“Qe0014




TABLE 8

Calculated Induced Velocities and Camber Distributions for
Propeller 3916K, Sinusoidal Chordwise Load Distribution

PROPELLER J9loK 1SY TERM OF SINE XPLA(1~12-63)

INPUT CATA
'™ Card 1  (see Appandix A for explanation)
0400300 0.10000 2i00000150.00000 Caxd 2
©.00300 0.01000 0+01600 0402400 0403510 0.03000 0.07000 0.09600 032900 Card 3
0417000 0422000 ©.28000 033300 0444000 0.33200 0.70900 0.94500 ].00000
[} 9 [} 9 ° ° 1 -0 -0 Card §
0.01006 0.,310166 0.23724 C.40828 0.3¥172 0.76276 0,89834 0,98054 Card 6
0.01000 0.10000 0420000 0035000 0.50000 063000 0.,80000 0.900U0 0499000 Card 7
0+20000 0430000 0,40000 0.50000 0.6C000 0.70000 0.80000 0-90000 1.,00000 Card 8 r
0418400 0.38600 0,21300 0.23100 0423200 0.21750 0,18500 0.13400 0,02000 L4(r)/D
0030000 0,37200 0,43000 0.46300 0,46400 0,43300 0,37000 0.26800 0.04000 Le(r)/D
1.86210 1.22633 0.90766 U«70429 0e8€622 0.46392 0.38698 0,J2722 0.27960 tan py(r)
0. 0+01695 0402214 G.02371 04092230 0.01883 0.0l414 0.00836 O, F(r)
0.25000 0.30000 0,40000 0.%0000 0.60000 0.70000 0,8000C 0.90000 0.95000 fo
1400000 1,00000 1,00000 $.00000 1.00000 1,00000 1.00000 1.00000 1400000 Va(ro)
Cel4800 0410902 0020861 002217) 020765 0.17661 0.13384 0.08837 0.06300 ua(rg)
018010 0416678 0,16039 0413704 0.10317 0.07483 0.04889 0,02767 0.01770 uelry)
[N 0. “0e 0. -0. -0, -0, -0, ~-0. Card 8A c,(rg
8 -0, -0. -0e -0. ~0. -0, -0. -0. Ag(r)
1400800 1.00000 1,00000 100000 1.00000 1.00000 1.00000 1.006600 £.00000 Cyg(r)
$o2TORS 127324 1.27324 1027326 1027324 1027324 1.27324 1.27324 1.27324 Ap(r)
.. -0. -0. -0. ~0. ~0o -0, -0, -2, A ()
0. “Oe -0, ~0. 0. -0 ~0e -0e -0, A3(r)
0. -0. -G -0. -0e -Qe ~0e 0. -Ce As(r)
c. -0e -0. -0 -0 -0, ~0. -0, -0 As(r)
1 1400000 0,82800 3.00000 §.00000 1.00000 O, Card 9
CUTPWT DATA
AXLAL INDUCED VELOCITY COMPONENY
RX/AQ 042800 0.3000 044000 043000 0.6000 047000 048000 049000
”/LY
0.0199 00423 0.0x80 0e11t3 oe1310 0e1348 0.1263 o.1t08 0.096¢
041017 0.0339 0.0723 0.0908 o0.t070 0.1093 0.1029 0.0938 0.0816
042872 0.0241 0.0483 0.0383 0.0803 06699 0.0847 040592 040909
048003 0.0083 0.0L70 0.0201 0.0236 0.0238 0.0218 0.0198 0.0162
0.59L7 ~0.0085 ~0.0170 ~0.0201 =0.023e -0,0238 -0.0218 ~0.0198 ~0.0162
0.7628 ~0.0241 -0.0483 ~0.,0383% ~0,060% ~0.00,39 -0.0847 -0.0802 -0,0309
-0.0339 -0.0723 ~6.0908 -0,1070 ~0e1093 ~0.102% -0+0938 ~0,0816
-0,0423 ~0.0860 ~0s1113 ~0.13t6 ~0e1346 -0e1263 -0e1163 -0.0%64
TAMGENTIAL INOUCED VELOGCITY COMPONENT
RX/RO 042300 0.3000 0,4000 0.3000 0.6000 0.7000 0.8000 0.9000
n/Ly
0.0199 «0,0738 -0.1121 -0.1026 ~0,0913 -0.0736 ~0.0860 -0,0429 ~0.0303
041017 -0+0639 ~0.0956 ~0.0848 -0.0750 ~0.0604 -0.0457 ~0.0347 -0.,0287
042072 -0.,0441 -0.0650 ~0+0357 ~0,0480 -0+0391 -0.0292 ~0.0221 ~0.0161
044083 -0,0158 =0+0231 ~0.0194 ~0.0169 =0.0134 ~0.0100 ~0.0074 “0,0032
046917 00,0158 0.0231 0.0194 0.0169 0.0134 0.0100 0.0074 040052
ssraze [PLITY! 0.0650 0.0337 0.0488 0,6391 0.0292 0.9221 0.0168
[ TTL] 0.0958 n.osee 0,07s0 0+0004 0.0487 0.0347 0.0287
[ 1] ocelt21 0.1028 0.0913 0.0738 0.0340 0.0829 0.0303
INDUCHD DCunwASN OUE TG FIRST BLADT OMY
RX/RO 0.2500 0+3000 0.4000 0.5000 0.6000 047000 0.8000 049000
FYY, 4
0.019% 0.0807 0.1413 0.151e 0.3602 0,1334 0.1301 0.1242 0.1011
041017 0.073} 0.1198 0.1282 0.1307 0.1230 0.5122 041000 0.0856
0.2372 0.c301 0.0809 0.0808 0.0841 0.0800 0.0710 040632 0.0334
0.4083 040178 0.0286 0.0279 0.0208 0,027) 0.0240 o.0218 0.0871
0.8917 -0.0178 =-0.0288 -0.0279 «0.0268 -0,0273 =040240 ~0.0211 -0,0171
0.7828 ~0.0501 ~0.0809 ~0.0808 =0.0041 =-0,0800 -0,0710 «0.0832 =040334
0.898) ~0.0734 -0.1198 -0e1242 -0.1307 -0.1230 -0e1122 =041000 -0.08%6
0.9001 ~0.0847 -0et41) ~0.1514 ~0.1602 -0.1534 ~0.1381 -0.1282 ~0.1011
"x/P0 0.2500 0.3000 0.4000 0+3000 0.,6000 07000 048000 0.9000
»/0 1.1560 1e1877 1.1406 1.1083 1.0673 10202 0.9728 0.9232
Lele 1.3607 1.4000 1.7200 1.08480 1.8360 17400 144800 1.0720
CHOROD 2.7213 2.97¢0 3.4400 3.8960 3.7120 J.4800 2.9600 2.1440
CANDEN CISTRISUTION
xsn
0.0100 040057 000028 0.0030 0.0029 0.0024 040017 0.0012 0.0008
0.1000 0.0138 0.0268 0.02067 000257 0.0213 0.0187 0.0t06 0.0058
0.2000 0.02083 0s0408% 0.0472 0.0453 0.0373 0.0276 0.0186 0.0102
0.3800 0.0811 0.0672 0.0808 0.0838 0.0328 040347 0.0261 0.0143
0.8000 0.0434 0074l 040733 0.06%9 0.0578 040423 0.0288 0.0133
08800 0e0411 0,062 0.0868 0.0638 0.0328 0.0387 0.0261 0.0143
048000 0.0283 0.0489 0.0472 0.0439 040375 040276 0.0186 0.0102
0e9000 0.0158 0.0261 0.0267 0.0297 0.0213 0.0157 0.0108 0.0038
€.9900 0.0017 0.0028 040030 0.002% 0.0024 0.0017 0.0012 0.9006
CANBER RAVIO
[ (¥
040100 0.0008 0.0010 0.0009 0+0008 0.0008 0.0003 00004 0.0003
0.1000 0.0058 0.0088 0.0078 0.0070 0.0037 0,004 0.0036 0.0027
0.2000 0.07%s 0.0187 0.0137 0.012) 0.0101 0.0079 0.0063 040048
003400 0.01518 0.0228 0.0194 0.0173 0.0142 0.0111 Pe008S 0.0067
0.0167 040249 0en213 0.0189% 0.01868 0.0322 040096 0.0072
0.0131 0.0226 0.0194 0.0473 0e0182 04011 0.0088 0.0067
0.0108 0.0187 0.0137 0.0123 0.0101 0.0079 00063 0.0048
o.e038 0.0088 0.0078 0.0070 0.0037 04,0043 0.0036 0.0027
0.0006 0.0010 040009 0.0008 0.0008 040003 040004 0.000)

NOTES: 1. Calculatin besed on one blade
2. Calculated camber {n inches

3l

0.9500

0.07069
0.0892
0.0412
Q.0122
~0.0122
~0.0412
~0e08%2
=0.0769

0+9300

~0.0222
~0e0208
=0s0120
«~00038
00038
0.0120
0.0201
Ge0222

0«9300

0.,0800
0.0720
0e04A29
Ce.0127
-0e0127
~0e0429
~-0s0720
~0+0800

0-9300
Ce8970
OaT4T72
1e4943

00603
0.0031
0.0038
0.0077
0.008)
0.0027
0.0038
0.0031
0.0003

040002
040028
040037
0.0032
00036
Ce.0032
0.0037
0.0021
00002




TABLE 9

Calculated Induced Velocities and Camber Distribution for a
Rectangular Supercavitating Blade at Zero Cavitation Nurpber
with Tulin-Burkhard 2-Term Chordwise Load Distribution

CARDER DISTRIBUTION SUP=CAV TULIM 2=TERn SECTION XPLA(2-) -83)
INAUT DAYA
is

0300 010000 2400000130.00000

$400800 04.03000 0401600 0.0240C C+01316 0.03000 0.07000 0.06400 0.12900

Q.1TC00 0422000 0400000 0,335200 0¢440C0 0433200 0.70900 0.94300 1.00000
a L) 1 . ° [ ° 1

0001980 0.10188 0423724 0.40020 039172 0.T0270 o a8

0401000 0410000 0.20000 0433000 0.30000 0.65¢00 0+90000 0.99000

0420000 0,30000 0+40000 0,30000 0.,40000 0,700CO 090000 1.,00000

0403000 0,03000 0403000 0.,03000 0.03000 0.,03000 0403000 C.03000 0.03000

0210800 3.10000 010000 0.10000 001000 0410000 0450000 0410000 0410000

L1 =0 ~0e -Qe -0 -0 «-0e =0 =0a

0410000 0410000 0+10C00 0010000 0.10000 0,10000 0.10000 0410000 010000
0+29000 0030000 0+40000 04350000 0.40600 0.70000 0480000 0,90000 0+93000
1000000 100000 £¢00000 1400000 1400000 1400000 £00000 1.00030 1.,00000

[ 2} -0e =0 ~0e -0e =04 -0 =0 -0
[ I -0 -0e -0 -0e -0 =-0e -0 =0
[ I Qe -0 ~0e 00 =0e -0a =0e “Qe
[ 23 ~Ge =0e 23 -0s -0e Qe =0 =0

1200000 1.00000 §+00000 1.00000 1.00000 1.00000 1400000 1.,00000 3.,00000
Lo27I24 1427328 127324 127324 1427328 1.27324 1027324 1027324 1.27324

0e83462-0.83802-0:683067<00630862-0+63002-0+636562-0:53062-0+063602-0+830662

[ =0 «0e =-0e -0e -0 =0 -0. =0

[ 1) -0 -0 -0 ~0s -0 -0 ~0e ~0Qe

Ve =0 =0 -0 -0e =0 -0 =0 =0.
1 100000 0.8000010.00000 0« 100000 Os

CUMWUT CATA

CUE JO SOUND CIACULATION QMUY

ANIAL IHOUCS0 VELOCITY CONPONENT

RX/RO 042300 93000 0.4000 0.5000 0.5000

| 748 ]
00199 0s7293 C.8022 10014 1.0277 1+0338
Ce1017 0.97%8 13332 Le2440 te2700 1e2881
0.2372 tel7a0 123363 Led340 te4008 1.40800
0+4083 1.0814 1.1091 123583 1e273) 1.2825
G917 Ost0ls O.3221 0+3529 Oe3819 0e3622
0s7828 =0e%534) =0.3072 -03019 =0.3910 =0+590%
=1+8081 =le73aY 17990 —1e8104 ~1.8508
-244783 =2.3790 =3.0920 =2sT427 =2.5897

TARCEMTIAL INOUQED YEL.OCITY CONPOMENT
AX/RO 0.2300 0,3000 0.4000 03000

Oe Oe [-23
0. 0. O«
O [ 1 O Oe
~Qe -0e =0Oe “0e =0
-0 Qe =0e =-0e -0e
=0 (-1 =0 -0s =0,
0o 0. =-0e =-0e =0
049801 =0. . -0e =0e -0
INDUCED OQWNWASH OUE TO FIRST BLADE OtLY
AxX/R0 ©+2300 C.3000 0+4000 03000 0.6020
| 748 4
[ 2128 L) OeT7293 o.0822 10014 10277 1.0338
0.1017 C«9T1 6 1.4252 fe2448 12750 1.20881
0e2372 1=1788 13363 t.4340 1e4608 1.4080
0s400) le0814a 1.1891 1+2%583 142733 te2023
0e3817 Cednla 0.5221 0+3329 0e3619 0.5622
0.T7828 ~0e334) =0.36872 =0e3815 043910 -0s3905
3 -1 L3} =1.7347 =1e7990 =1.8104 =1.8504
° o =2s4713 =2.5796 =3.0920 ~207427 ~2+5897
®RE/R0 0.2300 043000 04000 0+50C00 040000
#/0 -0o O =0. -Co Oe
Leteo 0e3000 0.3000 043000 0+3000 043000
CHORD 10000 1.0000 10000 10000 10000
CANBER OISTRIDUTICH
x/81
Ce0100 0.00a8 0.0033 00031} 00044 0.0038
Q.1000 00387 0e063% 00387 00330 0.0843
0.2000 0.1330 O.1432 Os.1308 O.1%32 2.09018
0.3300 0.2800 0.2722 0e2450 02118 01833
043000 Ge3671 0,302 Oedals 0s 2940 02530
0s8300 Get231 0.4397 003923 03370 022922
C.8000 03937 0.,410) 0eda72 Ce3103 Oe2741
Ce9000 0.308) 0203 029063 02350 0.2201
0+9900 Cal743 0e)900 Oel707 Oe1338 041398
CAPBER RATIOC
L T{% ]
0.0t00 0.0048 0.0033 Oe0051 00,0048 0.0038
0e3000 Ce0587 0:0633 Ce 0547 0.0330 0.044)
042000 91330 Oetad2 01308 0a1132 0.0981
0+3300 0+208060 0e.2722 0e2450 02113 0.183)
043000 0.3691 0. 3028 0s34819 Ce2944 0.2330
046300 0.423) 0.4397 03923 Ve3370 De2922
0.8000 043937 0.4103 ©e.3672 0e31063 0.2740
0.9000 0.3083 0.32063 0e2903 002350 062201
049900 01743 %. 1980 OelZa? 01398 01398
CAWBER BATS0 FOK SUPEZACAVITATING BLAOEICn/LTIVAL
0.0100 0a0043 0.0033 Ga0048 00042 0.0037
001000 0.06206 0.0849 0.0580 0.0%00 0.043)
0.2000 e 238 012718 Oe1127 00959 0.0839
063300 Oel83a 0el10897 Oel1679 Dalaso Oe 12448
043000 0e190) 0.2039 Oe.t80 01349 Oe134)0
0.4800 041359 010638 Celane Oe1251 0.308%
9.0600 Ca0348 Ge0b 38 Oe0017 0+0324 Cs044s
Ss%800 =0e048) ~0.0)02 »0e0270 ~0.,021) ~0.0193
0.%900 «~0s1082 =0.190) ~0.138% -0es1061 =0,0089

32

Card : (see Appeodtx A for explan. ion)

Card
Card )

Card 3
Card ¢
Card 7
Card 3

Card 9

0.7000

1.0269
1.2819
14630
1.2009
0e5619
=0.3843
=1.0200
=2.3078

0.7000

Oe

0.
vOe
=-0e
-0
-0.
=-0a
=0e

0.7000

1.02069
1.2889
146350
L2009
0e3019
=0e3843
~-1.8200
=25078

Ne7000
-0

03000

1.0000

00013
0.0386
0,085
01399
02223
0.2530
Ce2I94
D.1928
Os1243

0.,0033
2e0380
Q.0853
0.1399
0.2225
02530
0.2394
0.%2928
01243

0:0032
0.0378
0.0733
Oe1087
O.3172
Ne0930
0007
=0s0140
-8.07a3

1 4
Lg(r)/D
L(r)/p
tan py(r)
(r)

0.8000

1.00006
1.20688
IPY LY
te2682
03603
-0.5930
=-1.8971
=22973

08000

Oe
«Ce
=0
=G
~0e
=0
~0.
-0

0+0000

1.07%06
120688
Teddsg
12802
Ce560)
~0.3938
~t.0971
~2e2973

0.8000
-0

043000

te0000

0.0028
040337
0.074a7
0.1400
0.1950
002237
0.2098
0e1663
0+1069

0.0028
020337
0.0747
0.1400
0.1950
Ce2237
0.,2098
0. 1853
01000

0.0028
0.0332
0s0644a
00934
0.1032
0.0832
00317
=0.0178
“0.0648

00,9000

Oe9141
1739
sz

12110

Ve5457
=0+33089
-ie763)
-22585

09000

O
-0.

-0
“Q.
=-0e
~0.
=0e
=0s

0s9000

0s9141
1e1739
13592
1.2110
Oe3457
=0.5389
=1e7633
22505

0.90c0
Oe

03000
1.0000

T+0023
le0277
0.0621)
Cel173
Ce1648
Ce18693
O.1788%
0.1427
0.0913

0.002)
Ce02717
0.0621
o.1173
0.1643
01893
0s1783
Qs 1427
0,095

0.0023
0.,0279
00548
C.0814
Gl.0885
00,0722
00297
~0.0120
~0.0349

09500

Oe7976
10322
12053
t.0787
Ge3524
=0s4594
=1+5892
=-20955

Ge®300

-
-0e
-0
=0e
=-0e
=0
=0
=0e




TABLE 10

Calculated Induced Velocities and Camber Distribution for a
Rectangular Supercavitating Blade at Zero Cavitation Number
with Johnson 3-Term Chordwise Load Distribution

CAROER SISTRIGUTION SUP=CAY JONMAON 3-TEAN MCTION XPLALZ~L -63)

G.,00800 ©.10000 2,00000130,00000
Ce01830 0.02400 0.03510 0.,03000 0.OTO00 0.096400 0a 12900
0028000 0433200 0,44000 0.3%200 0.70%00 0.94300 100000
] v o ° 3 ° )
0420000 0.33000 0430000 0443000 0.80000 0.%0000 0.99000
020000 033000 0430000 0.63000 0.80000 0,90000 0.99000
040000 0.30000 0.,60000 070000 ©, 80000 0.90000 1.00000
0403000 003000 003000 0+03000 003000 003000 0.03000
0010000 010000 0+10000 0,10000 0430000 0410000 0410000
-0 -0 -0 =0. -0e R =0,
Gel000¥ $.10000 0410000 0410000 0+1C000 0410000 0410000 0410000 0.10009
928400 9030000 0048000 0+30000 0460000 070000 0.80000 0.90000 0.93000

1e80308 ). 00 1400000 100000 1-00000 1.80000 1.00000 1,00000 1.00000
L 23 -0 =0 -0 -0e =0 -0e -0
-3a =-0e -0e -0e =Ce =0 =0e
=Ce -0e =0 =0« -0 =0e
-0e =0. -0 -0e 0o -0

1000038 1.06000 1.00000 1400000 1,00000 1,00000 100000 100000 1.00000
3eXTIB4 127324 127324 1o27I24 1227328 1427328 127324 1427324 127326

BeBTIRA= 1027 IR 427324=1027328=1027324=027324=1027324~14+2T320-1.27324
SI08L 0.03642 0083682 0.63042 0,83662 0.63862 0.638862 0063862 0.83802

L] -9, -0 -0 -0e =0 -0e -0e -0e
0. -8 -0 =0 =0e =0e -0e =0 -0e
1 1200009 0,8000010.00000 0. 1.00000 0,

SUTPUT BATR
P 7O BOUND CIRCULATION Oy

AXTAL INOUCED VELOCITY COMSOMENT
AX/RO 0.23300

0.3000 0.4000 0.3000 0.4000
Ny
0.é3e7 0e72e4 0.7893 0.8831 0.8693
03708 0.302¢ 0.6190 0.6608 0.8787
0.4942 0.8403 0.7387 0.8006 0.8143
1.0008 1.2080 te3a878 1.42006 1.4297
1.6463 1.8430 Tenes2 1.9708
1.9063 1.7131 1.7098 1.8087
0.1898 0.2342 0e2834 0.279¢ 0.2814
~1.6065 -1.739) -1.7087 ~1.7027
-4.3176 -4.2344 ~3.8321 ~4,0037

TANGOMTIAL INOUGED VELOCITY CONPOMENT
AXINQ . 043000 0edv00Q 0.3000 044000

[ [
0. [N
.. '
~-0e -0a
-0e 0. 'R
-0e 0. O
-0. [ [
-0e 0. 0.
[ ~0e [ 0.
IMDUCE® DOWKYASH OUE TO FIAST SLADE OMY
RX/RO 0.2300 0.3000 044000 043000
0.0367 0e7244 047893 0,841
0.3765 09029 0.6120 0.0004
Qo942 0.8403 0.7387 0.8006
1.0080 1.2688 1e3078 1.0206
te0e8) 1.0430 129482 1.9100
te54s3 1.7131 1.7098 1.8637
[ IS Y119 0.2542 0.28 0.2696¢
—1.0805 “1.7393 ~1.7687 -1.7827
-4.3176 ~402344 -3.8321 ~4.0037 ~4.0742
0.2900 043000 044000 0.3000 046000
0. -0 0. 0. -0e
045000 2.5000 043000 0.3000 0.3000
CHOmO 1,0000 1.0000 1.0000 1.6000 1.0000
CANGER PISTAIRUTION
7,8 4
049047 0.0048 00043 0.0039 0.003%
0.0330 0.0387 0.0370 0.0333 ©,029¢
o.0c41 0.073% o.0727 0.065% 0.0378
001483 0.1643 01371 0s13%3 0.1221
0.2936 Oe3185 0.2943 0.2573 0.2240
0.4732 0.4310 0,396 0.3307
0.88L7 0.3487 0s0724 004094
043337 0,308 0.3820
0.3488 0.3728 o.2770
0.0047 0.0043 0,009 0.0033
040330 0.0370 0,033 0.029¢
0.00413 o.0727 000833 0.0378
Cefaed 0.1371 003393 0s1221
0.2936 0,2943 0.2573 0.2240
.aTS2 C.a316 0.3916 043397
0eSALY 0.3467 0.4724 0.4094
003337 03104 0.4414 0.3820
0.3088 a.3728 0.32268 02770
SOPERCAVITATING SLADE.(CN/LT) /AL
0.0023 0.0028 0.c028 000023 2.0022
0.0379 ©0.0363 0.0322 o.0201
0e3108 o.1018 0.088) 0.0767
0.2518 6.2251 0s1940 [ T3]
03797 0e2884 0e2a92
0e3342 s.2808
s.2969
o2l
0,099

Sard 1 (see Appendix A for axplanation)
sard 2

ard )
Card $
Card ¢
Card ?
Card 8 1 4
15(s)/D
Le(e)/D
tam 8¢(r)
)
Te
x(re)
we(re)
welro)
Card A Cofr
Ag(r)
Cq(r)
Ay (r)
Mtr)
A3(r)
()
(1)
Card 9
047000 0.8000 0.9060 0.9300
0.8380 0.7704 0.681e
000833 0.5715 [ YIS
[ TS 0.7903 0.7023 0es771
144300 1.4307 1.3131 1.13523
1.9728 1.9373 1.8012 1.7006
19023 1.7878 107488 1.8300
0.2078 0.2002 02674 0e312%
-1.793¢ -1.9577 ~1.7029 ~1e0133
-ac1168 -4.1237 ~4.0552 -3.0202
0.7000 0.8000 009000 049300
Q. [ 0. [N
0. [ . -Qe
-0e -0 .. 0.
0. 0. [ 0.
0. [ 0. 0.
[N 0. 0. 0.
[ 0. o. 0.
0. [ 0. 0.
[ Oe 0. [
0.2000 0.9000 0.9300
0.8310 07708 [ YT
0.665) 043718 [IXYYYY
De790s 0.7023 03771
1.4107 1.3131 1.1323
1.9575 1.8012 1.7006
te?a78 Le7488 16300
0.2822 0.2074 0.3123
~1.7939 ~1.9877 -1.7029 ~1e6131
~4ntles -te1237 ~4.0332 ~3.8282
007000 0.4000 0.9000 ©.9300
0. 0. -0, [
043000 043000 0457,00 043000
1.0000 140000 1.0000 1.0000
04,0033 0.0027 0.0022 ©.0018
0.0260 0.0225 0.0178 0.0140
0.0%03 0.0438 040343 0.0273
003069 0.0928 ©.07a8 0.039%
0.1939 0.1710 o.1412 C.l160
0.2970 0.2397 0.2187 C.les0
0.3373 0e3140 Ce2057 0.2270
043337 0.2912 0.2471 0.2321
0.2430 0.2089 0et758 O.la87

0.003% 0.0022 c.0018
0.0280 0.0178 Oeti1aa
0.03%03 0.0343 00273
C.0748 00339
0+1939 0.3412 Cellne
02970 Cs 2187 LERY L1-3
03873 0o 2637 0.2270
043337 Oe2e71 Q2124
0e2430 Ca1734 Oulany
0.0019 00033 0.0010
Ce0248 C.017% 040137
Oe0671 Oe04888 C.0802
0.1309) 0.0928
Os1642 Oetan2
002818 Qe1908 L3 1]
.2233
Selsel
[ XX 2431 09427




TABLE 11 . . .
Calculated Induced Velocities and Camber DlStI“lbuFlon for a
Rectangular Supercavitating Blade at Zero Cavitatilon Number
with Johnson 5-Term Chordwise Load Distribution

CANGER DISTRISUTION SUF<CAV JOHNSOM BS-TEAM SECTION XPLA(Z-1 =83)
tNPUT DATA

18 Card 1 (see Appendix A for explanmatiom)
0.0€300 0410000 2.00000150.00000 Card 2

800 0,01000 0401600 0402400 0.03310 0403000 0.07000 0,09600 0412900 Card 3
017000 0422000 028000 0433200 0,840C0 0433200 070900 0.94300 14000060
] ° 1 * [ ] s ° 1 Card 5
0401000 0410000 0420000 0¢35000 0.30000 0.63000 9.80000 0.90000 0.99000 Card ¢
61000 0410600 0420000 0435000 0,30000 0.65000 0,80000 0,90000 0.99000 Card 7
0020000 0,30000 0.40000 0230000 0.60080 0470000 0.80000 0.90000 1+00000 Card 8 T
0408000 2,03000 0.03000 0.03000 0.03000 0,03000 0403000 0.05000 003000 Ly(e)/D
0«1€000 0420000 0410000 0416050 0410000 0,10000 0¢ 30000 0.10000 010000 Le(2)/D
[ 2 -0. -0, -0e -0, -0, 0o -0. 0. tan pe(r)
0010000 0410000 0410000 0.10000 0.1C0C0 0.10000 0+10000 0.10000 0.10000 I(r)
0428000 0430000 0,40000 0430000 0.60000 0.70000 0080000 0.90000 0493000 |
1200000 1400000 1.00000 100000 1.00000 1,00000 1.00000 1.00000 3.00000 ¥x(ro)
[ 06 ~Ce -0. -0, -0. -0, -0, -0 vg(ro)
0. -0 -0. -0e -0, -De -0e -0, -0e ue(r,)
° “0e -0 =0e -0e -0e ~0s -0. -0e Card 34 c.(.f
[ 13 “Oe -0e -0e -0. 0. -0. -0, -0 Aq(r)
1400000 1+00000 1.00000 1400000 1.00000 1,00000 1,00000 1400000 1.00000 Ce(r)
Le27I24 1,27324 1027324 127326 127328 127324 127324 127324 1227324 :l?;
2(r,
Ay(r)
TOA=1e6UT64=1+00700~1.09764=1,89764~1.069764-1.69764=1.697564 Ay(r)
TOA 169764 1.49736 1.68784 1,69764 1.69764 1.69764 1.69786 As(r)
Catd 9
2-0.04002-0.84082-0004802-0,84082-0,840852-0,04882-0,84882-0.840882
1 0082041 0.42041 0,42441 0,42441 O0c42041 O,42441 Ooszadi
1 100000 0.8000010.00000 O, 1.00000 0.
OUTAUT DATA
SUE TO BOUND CIRCULATION OmLY
AXIAL INOUCED VELOCITY CONPONENT
nx/m0 0.2300 043000 0.4000 045000 0.6000 0.7000 048000 0.9000 049500
x/LY
0.0100 08746 0.8999 0.8023 0.9640 1.0072 1,023 1.0061 049307 048336
04000 002098 0.319¢ 0.3677 043948 043952 043976 003062 0.213e
0.2000 0e3442 0.4606 c.st82 0.5386 045393 0.3171 044370 043395
0.3300 0.6984 0.83531 0.8806 0.8929 249007 046833 0.77768 0.6353
0.3000 tel65t 1.3071 1.3a50 1.3716 1.3780 t.3022 1.2829 1.0944
048300 204042 243337 2.5023 2.580% 2.3817 2+5695% 2.509 Z.3036
0.8000 3.0298 3.1281 3.1303 3.1301 3.1210 3.1278 3.0744 2.97106
$000 0.206) c.3C7e 0.2892 0.1891 002553 =0.0008 0s20807 0.2822
0.9900 -7.2058 ~64099%¢ ~toab04 -6.64063 ~6.76T2 -6.8127 ~6s7614 ~6.4038
TANGENTIAL INOUCED VELOCITY COMPONENT
RX/NO 0.2300 043000 044000 0.3000 046000 0.7000 0.8000 049000 0.9300
L 8 4
o.0100 O. 0. Oe 0. 0. 0. O. 0. Qe
0.1000 0. 0. 0. 0. 0. 0. 0. 0. =0e
0.2000 [ Oe 0. [ ~-0. 0. -0, 0. O
0.3300 0. -0 -0e -0, 0. 0. 0. 0. [
0.5000 0. -0. 0. O Ce 0. Ce 0. Oe
04800 Oe - Qe [ 0. Oe Qe 2 0.
048000 [N «0s [N 0. 0. 0. 0. 0. 0.
0.9000 0. -0 0. 0. 0. 0. 0. 0. [0
0.9900 [ -0. 0. 0. 0. 0. [ 0. L1
INOUCED DOWNWASH OUE TO FIRST BLADE OMLY
RX/RO 0.2500 0.3000 044000 045000 0.6000 0.7000 046000 0.9000 0.9300
v
se0100 0.8746 086999 0.2023 049640 1.0072 1.0251 1,008 0,9307 0.8334
0.1000 0.118) 0.2093 0.3194 0.3677 0.3%8 03952 0.3974 0,3962 0.2136
0.2000 0.2058 0.3042 044606 0.5102 0.5386 0.5398 0.5175 0.4370 0+3398
003600 0.3%90 0.6904 0.8331 0.8806 0.8929 0.9007 0.8033 0.77r8 046333
€.3000 0.0747 tel091 13071 1.3458 1.3710 1.3710 1.3622 1.2829 1.0941
0.6300 2.1630 204042 243337 2.362) 2.5085 2.3017 2.9693 245091 <+3038
©.8000 z.8088 3.0298 3.1201 3.1303 3.13061 3.12t0 3.1278 3.0744 2.9710
G.9000 o.18008 0.2063 0.3078 0.2892 C.189¢ 002953 ~0,060% o0.1847 0.2022
0:9900 -7e7472 ~742038 ~6.0994 ~6.40068 ~606463 -~6.7672 -6.8127 -6.7614 ~6.0838
RX/00 042900 003000 0,4000 045000 0.6000 07000 0.6000 0.9000 0¢9500
/0 0. -0 0. 0. -0e 0. [N -0, 0o
Lele 0.5000 0.3000 0.5000 0.8000 0.3000 0.3000 045000 0.5000 043000
CHORD 1.,0000 $.6100 1.0000 140000 1.0000 1.0000 1.0000 1.,0000 $40000
CANNER DISTRISUTICN
R/LY
.0100 0.0069 0.00¢e 0.Q092 0.0047 0.004) 0.0038 040033 0.0028 0.0024
0,1030 0.0311 0.0322 0,0294 0.0278 0,0248 000223 0.0194 0.0131 0.0122
042000 0.0e18 0.0480 0.08080 0.0404 0.0421 0.0373 0.0323 0.0243 0.0187
0.3800 0.0806 040998 0.10t3 0.0947 0.0043 0.0747 0,0643 0,0493 0.0384
0+8000 01038 041860 oc.1848 0.1678 O.1486 041309 0.1140 0.0899 ¢.0708
0.6300 0.3232 003532 0.33¢0 0+2904 0.2602 0.2290 042001 0.1848 0a1341
0.0000 0.6138 0.0383 0.5812 003063 0,4413 0.307) 0.30138 0.2883 0e2431
0.9000 0e7438 0.7690 0.8918 005996 0.3203 0easTt 043994 0.3e28 0s2962
009900 0.5023 0.3971 045663 Gea881 0.41n0 0.3892 0.3126 0.2791 0.2330
CANGER RATIO
x/LY
6.0100 00009 000064 0.0032 0 0047 0.0043 0.,0038 040033 0.0028 040028
001000 0.0311 000322 0.0294 0.027¢ 0.C248 0.0223 2,0194 0.0151 0.0122
0.0810 0.0400 0.0488 0.0404 000421 0.0373 0.0323 0.,024% 0.0187
0.0868 0.0998 o.1015 040947 0.6843 0e0747 0.0643 0,049 0403084
[ T3 0.1860 01848 0.1678 O.1486 001309 2.1140 0.0899 0.0708
0.3252 003532 03340 0.2964 0426062 0.2270 0.2001 0.1648 0. 1341
0.8131 0.6383 0,3812 055062 Oe4at3 0.3873 043015 0,208% 0.2431
0e7452 047490 8.6918 0.5996 0.3203 0.4571 03994 3426 0s2902
0.3623 043971 0.5683 0.40801 0.4186 0.3692 043124 0.2711 0s2330
SUPEHCAVITATING BLADE. (CH/LT) /AN
0.0016 040010 0.0018 040037 0.00106 040004 0.0012 0.0009 0.0007
0.0173 0.0211 0.0223 0.0208 0.0163 0.0139 0.0107 0.0081
0.0323 0.0806 e.0611 0.0351 0.0427 0.0372 0,0292 0.0230
Oclean2 0. 1624 0.3342 0.1339 0.1040 0.0913 0.0758 o.t::u
3308 02401 0.3149% 0.2007 0.1036 0.1564 0o
:.::oo 0.5821 0.3107 0.3386 02999 042382 Oa2241
0.7274 0.7367 0.6408 08211 043084 0,3221 0.2846
0.460% 0.6822 0.6988 043921 003338 0.,2974 0+20642
003788 0.4408 0+4349 Ve3651 0.2706 c.2207 04199 0s1703
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APPENDIX A
PREPARATION OF INPUT DATA

The input data are essentially identical to those outlined in
Appendix B of Reference 2, with the following exceptions:
Revise

Card 5§ Format 918

Column
1- 8 NKN
9-16 NCL
17-24 NCTR
25-32 KRN
33-40 NPT
41-48 KSP
49-56 NSIN Number of terms in sine series, M
57-64 LFCW Chordwise load factor, percent of chord from lead-
ing edge with uniform loading, a
Specify LFCW = 100 for a = 1.0 mean line uniform
loading
= 80 for a = 0.8 mean line, etc.
= 0 for all other cases.
65-72 NSC Control for supercavitating hydrofoil at zero

cavitation number

Specify NSC = 1 for two-dimensional supercavitating
case

= 0 for all other cases
Between Card 8 and Card 9 add;

Card 84 (8 cards) Format 9F8.5
At specified input radii of the first card of Card 8
1st card -~ Co(r), coefficient of uniform loading term
Specify Co = 1.0 for uniform (wholly or partially) chordwise loading
= 0.0 for all other cases.
2nd card - Ao(r), coefficient for angle of attack term
Specify Ao = 0.0 for all cases with no angle of attack term
3rd card - Cz(r), control for sine series term
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Specify C, = 1.0 for loading with sine series term
= 0.0 for all other cases

4th card Al(r)
5th card Az(r)
6th card A3(r) coefficients for sine series terms
7th card A4(r)

8th card As(r)

Revise

Card 9  Format (I8, 8F8.5)

Column
1- 8 NN
9-16 W™
17-24 AJ
25-32 DIA
33-40 SM
41-48 SW
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APPENDIX B
FORTRAN LISTING OF COMPUTER PROGRAM

The FORTRAN listing of the computer program follows. The computer
also uses the subroutine MATINV and the functions ASINF and ACOSF.
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19=47

H1M1=HL

THL 1= THLT

€8ns Ivo

d INIOd YOd SINJOd Q1313 40 SNOI1VIS IVIQVYH 4N L3S
(3NOZ dIl H6)1VHWYOL

€662 INIYd

(%°S4=0Y 1¥ 1A AONY VA 4C S3NVA GILVUOIINI 3SIARQYOHDIOHBY) LVWHOS

dy¢9662 1Nl¥d
L662¢002¢00211dN)JI
(YX¢9)g=dy

1283

T=gnW

Qlvl*e/s*1=1d

(157)B=HX

22¢ ITHSMQ*HSMQ 35VY3

(A IHYIA=(A*C)0OQ

8¢I=X GST 0OQ

6 1= 651 0Q

%811 01 09

Za11IW

(Ce3) D= (AT IHYI

641=r 16 0C

841=% 16 0Q

(A¢CIHYIAS(A¢r)BA

CARE D12 Gl elo]

6¢1=r 6T 0Q

TIW* (T00TT¢000T1)0L 09

%8 0109

2001 INlYd

Q14 (%8140001} 0409
{QI*ASQeHYI¢6¢VHI)IANT LYW JIVD
(NSF JHVI= (N )VHI

6¢1=r €911 0OQ

6¢1=% €011 0Q

T=linW

(CeAN) QY= {NI)HYI

6s1= 6 0Q

T+A=AX

g¢1=X 6 00
(reglgY/(reg)OVY=(res)9Y
lduirec)BY=(rtglay
13u(fe2)8V=(eL)8Y
1Aeltre€)8v=~(re2)8YIi=(r+9)8Y
2EBZ2*9n(eG)A=(vG)8Y
(Fre9)8=(resy)gY

WA (FeE)B=(rec)BY
WAs(re2)8=(rez)av
(Ce1)8/7°2#(r)0d=ld

(2o (r219)84Zaal( (e T1)82917T1°€) 1J1HOS/(r+T1)84919TE=({)0D
6¢1=r ¢ 00

2ans v

XTYLYW ONILVYIOHHIINT VIVG 40 SINIIDIJ430D LIvINDIYD
(YIvYQ LNdINOOHZT ) LVWIOS

8662 INIYd

QIYTI Ca(leT)8u(rsv)8=(rey)a
6¢ 1= 0082 0OQ

THAO*MS HSEVIAFYSWASNN* TO0Z INIY¥d
(BelaA (6T (FENID) Iy LINIYC
(66 TxNs (66T=rs (FroN)B) )¢ LINIYd

002
€662

9662
L662

e

661
10011

16

St
00011
0001

%81

€811
4811

1901

8662

0082

(MONTars (r)IX)ey INIBG
(NAN¢ Tl (FCINQ) 49 INING
ISNOMOIUICNISNOISH LANS NYNCHIDNS IDNENANCE INT Y
(INST=Ce (T )ULS) ¢ 9INTYY
034G4 0404600 A0 L INDYHd
AINCEINT YN
(Yi¥Q INdNIOHTT) AVYWHOL (00E
100€ ANl Y¥d
111¢1 LNIYd
(NOJTLNBIYLISIA QYO 3ISIRGYOHD A¥VYLIGUYY HEE¢XILILIVRWYOZ 200¢€

200€ ivl¥d
{ AYO3HL 3DVv4YNS ONILJID NO G3SVA NOISIA ¥I3T1N3IdU¥d HOG¢X0€)1IVYHIOL 000€
000¢ INlY¥d
(¥Y1dX WING0Ud AYOLVHOAYT SOTLIVWIHIVW Q31UddV H79¢XEE¢ THT) LYRYQOL 6662
6662 1NlYd

(6°848¢91)1YWEOd 1002
(S*€T36)1VYNI0S 0002
(6°638)1VWY04
(G°B8462 LlVWYOJ
{816) LYWYOJ
(9v¥2Z1) 1vWHOd
(9YZTIOHT) lYWYOJ
THAG*MSEWSEVYIQ¢ MY HWACNNG 1002 GV
(B¢ UmN {6 Txre(reND))I¢e QVYIY
(68 TxNe (64 Info(reN)IB)Ie” QVIY
CIINS T2/ {C)IX) ¢ QVIY
(HANST=Ce (CINQI e QVIY
ISNOMIITINISNG ISH LANS NYNCHIONS DN NAN'E  QY3Y
11142 ¢cv3yd 1ol

18NS Nv2

~“~ N L

$378V1 (3J)3INISOD ANV (34)INIS ¢34 3TONY 3L1vINOIVO p]

(IN I=re{r)YUdS) ¢ aQv3Y
0330404044040 AQ*L  QY3Y
INsE QYN
TONENYNSOSNIGIWO NG £S4TIGS LR ZC ST NOWWOD
MOST¢ SN LANS NANSHS¢SAe YX e LOX
INISN¢So I TdOHX S THLTCHLNOHTS L4 RQ¢ dH ¢ IN¢ Q340404034040 NOWNGD
MS+ NOWWOD
01Sd¢0ISdI*11SdI¢L15dS*115d4N1SdS¢NISdI¢ISd NOHWOD
dACdeZ4 101 M LYSQAYSQeLaACTIBACLIEN T8N €
CLHASTHAS LHN S THNEHHASHHNC DAS ¢ SAS 4DV ESY S NS Ve YdS L *H YIS A4 03E
$ddBIIYACAIIDBI LSOV IOVS ¢ LHSMQ¢QQ¢ Y SOV EOVSEASBBEXASAXSID ¥NDeWDT
SLIL6224XNXIHYICPHSMACABIQ¢ g VH DO SO EHYICAICHY 0D 8¢ IXNQ NOWWOD
(02¢02)VHA* (648)D NOISNINWIQ
1636101Sd*(646)015d0¢1061115dOX
$1006)115dS¢(06111Sd*(06)71SdS*(06)11SdDL06)T1Sd NOISN3IKHIA
[06)dA*(61d*(064612¢(02)10¢(02)1INM X
S(GECOT)ILIVSO*iGECOTIVSQ(C6)1AA¢106)TIRA (061180 (06)780X
${06)LHAC (06 THAC (061 LHN (06 TN (OGIHHAS (06IHHNS (06 DAS€ (065 LASX
S(D6452IDV{064G2ISVYIGZIINC(06°G62IVE(02IYAS*(S2IL1¢(G2IH ¢ (06351¥X
$(06)SAS(9TIDD*(0Z1dd8 *(0ZIIYA ¢ (FTIAL-( 9T1)DB*(0S5)L1SOYX

$(05110VS ¢{02¢6)1HSMQ C(IT661QAA*(646)8Y* (051SOVT
¢ (05)19VYS ${06)AS¢(05¢91)88¢(0G)KA¢(0GIAX (0G99 )DOX
$(BTeUZIYWDIS (BTC0ZINDI(JTILT2¢(BT¢C2I2Z2¢4(02%02)XX X

S(QTs0ZIHYIS (CIS6IHSMOS (FTIABS (61302 (64€ 1dB*(62VH (6)000191%6)BAX
$(OZ40ZIHVIC (60T 1A (60T HV(610D4(646)84(02)TIX¢(0Z)XA NOISN3HIQ
(6961 934)VvdX

NOIINGIY1ISI0 QY01 3SIMGHYOHD AdYYLIGHY

H1IM AYOTHI 2IVIENS ONILIIT NO Q3SVE NOISHO ¥3ITNI3d40¥d

HO2
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(A)d=(1¢A)2
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